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EFNPHSBQIJD USFOE XIJDI MFE UP B TUFBEZ JODSFBTF JO UIF FMEFSMZ







OPU IPXFWFS QSPEVDF B DPSSFTQPOEJOH JODSFBTF JO UIF OVNCFS PG DPNNFSDJBM
TVDDFTTFT UP NBLF VQ GPS UIF MPTU TBMFT *OTUFBE
 PWFS UJNF B DIBTN PQFOFE VQ
CFUXFFO UIF JOWFTUNFOUDPTUTBOEUIFOVNCFSPGQIBSNBDFVUJDBMTCSPVHIU UPNBSLFU
CZ UIF SFTFBSDICBTFE JOEVTUSZ "MTP




 QIBSNBDFVUJDBM JOEVTUSZ NBOBHFST IBE UP JODSFBTF CPUI DBQBDJUZ BOE
RVBMJUZ
 XIJMTU BDUJWF TVCTUBODFT BOE UIF DPSSFTQPOEJOH ESVH GPSNT CFDBNF
JODSFBTJOHMZ DPNQMFY BOE FYQFOTJWF UP QSPDFTT *O UIF QBTU JU IBT CFFO QPTTJCMF UP
NBLF POMZ JOBEFRVBUF JNQSPWFNFOUT JO UIJT TJUVBUJPO CZNFBOT PG USBEJUJPOBM RVBMJUZ
DPOUSPM JO BDDPSEBODF XJUI UIF DVSSFOU QIBSNBDPQPFJB *OTUFBE
 B OFFE BSPTF GPS
NPEFSONPOJUPSJOH TZTUFNTXIJDI UIF64IFBMUI BVUIPSJUZ '%" JOUFOEFE UPNFFUCZ
TVQQPSUJOHkQSPDFTTBOBMZUJDBMUFDIOPMPHJFTk	1"5
1"5XBTSFHBSEFEBTBHFOFSJDUFSN
GPS QSPEVDUJPOCBTFE TZTUFNT GPS NPOJUPSJOH DSJUJDBM RVBMJUZ BOE QFSGPSNBODF
QBSBNFUFST 5IF BJNXBT GJSTUMZ UP JODSFBTF UIF RVBMJUZ PG UIF GJOJTIFE QSPEVDUT BOE
TFDPOEMZUPSFEVDFNBOVGBDUVSJOHDPTUTJOUIFMPOHUFSN





SFDPHOJ[FE BT CFJOH POF PG UIF NPTU DSJUJDBM QBSBNFUFST CFTJEFT QSPEVDU TUFSJMJUZ
5SBEJUJPOBMMZ
 UIF SFTJEVBMXBUFSDPOUFOUPO SFMFBTFXBTEFUFSNJOFECZRVBMJUZDPOUSPM
QFSGPSNFE VTJOH SBOEPN ,BSM 'JTDIFS 	,'








QPUFOUJBM GPS GJOBODJBM TBWJOHT




PCKFDUT UP CF BOBMZ[FE QFS NJOVUF *O B GJSTU TUBHF B OPOEFTUSVDUJWF SFTJEVBM XBUFS
BOBMZTJTXBTUPCFEFNPOTUSBUFEPOBMBCPSBUPSZTDBMFVTJOHUIFWBSJPVTMZPQIJMJ[BUFT
5IFO
 UP DIFDL UIF BQQMJDBCJMJUZ PG UIJTNFUIPE JO B EZOBNJD JOTQFDUJPO
 B QSPUPUZQF





 TQFDUSPTDPQZ XBT VTFE BT OPOEFTUSVDUJWF NFUIPE TJODF JO
QSJODJQMFJUBMMPXTUIFSFTJEVBMNPJTUVSFDPOUFOUUPCFEFUFSNJOFEJOMJOF5IFTUBSUJOH
TJUVBUJPO BOE BOZ TQFDJBM QSPEVDU DIBSBDUFSJTUJDT XFSF JOWFTUJHBUFE JO BO JOJUJBM
FWBMVBUJPO QIBTF 5XP TQFDUSPNFUFST GSPN EJGGFSFOU TVQQMJFST XIJDI VTFE EJGGFSFOU
UFDIOJRVFTXFSFDPNQBSFEBTSFHBSETVTFJOBOJOMJOFBQQMJDBUJPO5IFNPTUTVJUBCMF
"05'EFWJDFXBTVTFE UPQFSGPSN GVSUIFSTUVEJFTPOB MBCPSBUPSZ TDBMF5IJTBMMPXFE













.BOVBM BOE TFNJBVUPNBUJD PGGMJOF BOE BUMJOF JOTQFDUJPOT PG XIPMF CBUDIFT XFSF
QFSGPSNFE PO UIF CBTJT PG WBMJEBUFE /*3 NPEFMT BOE QSPWJEFE B CFUUFS JOTJHIU JOUP
JOEJWJEVBMQSPEVDUDIBSBDUFSJTUJDT2VBMJUBUJWFBOERVBOUJUBUJWFDIFNPNFUSJDDBMJCSBUJPO
NFUIPETXFSFVTFE




 BOE DPNQBSFE BT SFHBSET UIFJS BEWBOUBHFT BOE EJTBEWBOUBHFT *U
FNFSHFEUIBURVBMJUBUJWFNPEFMTXFSFCFUUFSTVJUFEUPSPVUJOFPQFSBUJPO
5IFGJOEJOHTPGUIFTFBOBMZTFTXFSFVTFEGPSBOJOWFTUNFOUDBMDVMBUJPOXIJDITIPXFE
UIBU BNPSUJ[BUJPO DPVME CF BDIJFWFE JO MFTT UIBO UXP ZFBST BOE UIVT TVQQPSUFE UIF
EFDJTJPOGPSJOMJOFJNQMFNFOUBUJPOPGUIFBOBMZUJDBMUFDIOJRVF
5IJTTVDDFTTGVMGFBTJCJMJUZTUVEZXBTVTFEBTBSFGFSFODFGPSPUIFS1"5QSPKFDUTXIJDI






VOUFS %SVDL HFSBUFO 7FSBOUXPSUMJDI EBGÅS XBS OJDIU [VMFU[U EJF EFNPHSBQIJTDIF
&OUXJDLMVOH
 EJF [V FJOFN TUFUJH BOXBDITFOEFO "OUFJM EFS ®MUFSFO VOE EBNJU
LPTUFOJOUFOTJWFO#FW¿MLFSVOHTTDIJDIU GÅISUF(MFJDI[FJUJH MJFGFO MVLSBUJWF-J[FO[SFDIUF
QIBSNB[FVUJTDIFS 6OUFSOFINFO BVT VOE [BIMSFJDIF (FOFSJLB )FSTUFMMFS ES®OHUFO JO
EFO.BSLU%JFJNNFSUFVFSFSXFSEFOEF'PSTDIVOHVOE&OUXJDLMVOHGÅISUFBCFSOJDIU
HMFJDIFSNB©FO [V HFTUFJHFSUFO &SGPMHFO
 VN EJFTF 6NTBU[FJOCV©FO BVT[VHMFJDIFO
4UBUUEFTTFOMJFGFONJUEFS;FJUEJF*OWFTUJUJPOTLPTUFOVOEEJF"O[BIMEFS[VS.BSLUSFJGF





BMT BVDI 2VBMJU®U TUFJHFSO
 X®ISFOE EJF 8JSLTUPGGF VOE EFSFO "S[OFJGPSNFO JNNFS
LPNQMFYFS VOE BVGXFOEJHFS [V WFSBSCFJUFO XVSEFO *O EFS 7FSHBOHFOIFJU LPOOUFO
NJUIJMGF EFS USBEJUJPOFMMFO 2VBMJU®UTLPOUSPMMF FOUTQSFDIFOE EFS HÅMUJHFO 1IBSNBLPQ¿F
EJFTCF[ÅHMJDIOVSVO[VSFJDIFOEF7FSCFTTFSVOHFOFS[JFMUXFSEFO4UBUUEFTTFOFOUTUBOE
EFS #FEBSG OBDI NPEFSOFO ¨CFSXBDIVOHTTZTUFNFO
 EFN EJF 64 BNFSJLBOJTDIF
(FTVOEIFJUTCFI¿SEF '%" NJU EFS 6OUFSTUÅU[VOH TPHFOBOOUFS 1SPDFTT "OBMZUJDBM
5FDIOPMPHJFT 	1"5
 HFSFDIU [V XFSEFO XPMMUF 1"5 XVSEF BMT FJO 0CFSCFHSJGG GÅS
QSPEVLUJPOTOBIF .POJUPSJOHTZTUFNF WPO LSJUJTDIFO 2VBMJU®UT VOE
-FJTUVOHTQBSBNFUFSO WFSTUBOEFO )JFSEVSDI TPMMUFO FJOFSTFJUT EJF 2VBMJU®U EFS
&OEQSPEVLUF HFTUFJHFSU VOE BOEFSFSTFJUT MBOHGSJTUJH EJF )FSTUFMMVOHTLPTUFO HFTFOLU
XFSEFO




XVSEF FJOF (FGSJFSUSPDLOVOHTMJOJF IFSBOHF[PHFO
 EB EJF -ZPQIJMJTBUJPO OBUVSHFN®©
FJOF5FDIOJLNJU LPNQMFYFORVBMJU®UTSFMFWBOUFO1SP[FTTTDISJUUFO JTU
 EJF TDIXJFSJH [V




3FTUXBTTFSHFIBMUT EFS 2VBMJU®UTLPOUSPMMF NJU TUJDIQSPCFOXFJTFO ,BSM 'JTDIFS 	,'

5JUSBUJPOFO TUBUU &OUTQSBDI EFS .JUUFMXFSU EJFTFS #FTUJNNVOHFO OJDIU EFO
4QF[JGJLBUJPOFO
TPNV©UFEJFHFTBNUF$IBSHFWFSOJDIUFUXFSEFOVOEWFSVSTBDIUFWPO
;FJU [V ;FJU EVSDI FJO[FMOF "VTSFJ©FS IPIFO "VTTDIVTT %JF .¿HMJDILFJU FJO[FMOF
#FI®MUOJTTFBV©FSIBMCEFS4QF[JGJLBUJPOFOBVT[VTPSUJFSFOCPUEBIFSFJOVNGBOHSFJDIFT
1PUFOUJBM BO GJOBO[JFMMFO &JOTQBSVOHFO
 EJF OVS EVSDI FJOF 5PUBMJOTQFLUJPO EJFTFT
1SÅGLSJUFSJVNTFSSFJDIUXÅSEF
;JFM EJFTFS "SCFJU XBS FT
 FJOF JOMJOF "OBMZTFONFUIPEF GÅS EJF #FTUJNNVOH EFT
3FTUXBTTFSHFIBMUT [V FOUXJDLFMO &JOF EFS HS¿©UFO )FSBVTGPSEFSVOHFO TUFMMUF EJF
-JOJFOHFTDIXJOEJHLFJU WPOCJT [V[VBOBMZTJFSFOEFO0CKFLUFOQSP.JOVUFEBS *O
FJOFN FSTUFO 4DISJUU TPMMUF FJOF OJDIU EFTUSVLUJWF 3FTUXBTTFSBOBMZTF JO EFO
WFSTDIJFEFOFO-ZPQIJMJTBUFOJN-BCPSNB©TUBCCFXJFTFOXFSEFO6NBOTDIMJF©FOEEJF
"OXFOECBSLFJU EJFTFS .FUIPEF JO FJOFS EZOBNJTDIFO *OTQFLUJPO ÅCFSQSÅGFO [V
L¿OOFO
TPMMUFNJUFJOFN1SPUPUZQEJF1SPEVLUJPOTMJOJFTJNVMJFSUXFSEFO#FJHFHFCFOFS
.BDICBSLFJU TPMMUF BVDI EJF 8JSUTDIBGUMJDILFJU EFS CFJ FJOFS *NQMFNFOUJFSVOH
BOGBMMFOEFO*OWFTUJUJPOFOCFSÅDLTJDIUJHUXFSEFO
%JF /BI*OGSBSPU 	/*3
 4QFLUSPTLPQJF XVSEF BMT OJDIU EFTUSVLUJWF .FUIPEF
IFSBOHF[PHFO




%BT BN CFTUFO HFFJHOFUF "05' (FS®U XVSEF WFSXFOEFU
 VN XFJUFSF 4UVEJFO JN
-BCPSNB©TUBC EVSDI[VGÅISFO )JFSCFJ LPOOUF EJF .BDICBSLFJU EFS
3FTUXBTTFSCFTUJNNVOH JN 7FSHMFJDI [VS ,' 5JUSBUJPO NJU HVUFS (FOBVJHLFJU CFMFHU
XFSEFO
7PO "OGBOH BO XBS FJOF ;VTBNNFOBSCFJU NJU FJOFS .BTDIJOFOCBVGJSNB OPUXFOEJH

VNFJOF[VLÅOGUJHF1SP[FTTBVUPNBUJPOFOUTQSFDIFOEEFOTQF[JGJTDIFO"OGPSEFSVOHFO
[V LPO[JQJFSFO *O "OMFIOVOH BO FJOF TPMDIF 1SP[FTTBOMBHF XVSEF FJO 4JNVMBUPS
FOUXJDLFMU





%BSÅCFS IJOBVT NBDIUFO TJDI TDIOFMM WFS®OEFSOEF #FI¿SEFOBOGPSEFSVOHFO
LVOEFOTQF[JGJTDIF "OQBTTVOHFO EFS 4PGUXBSF OPUXFOEJH %ZOBNJTDIF ,BMJCSBUJPOFO
XVSEFO FSTUFMMU VOE EJF /*3 "OBMZTF NJU CFXFHUFO 1SPCFO LPOOUF TP FSGPMHSFJDI
EVSDIHFGÅISUXFSEFO
"VG#BTJT WPO WBMJEJFSUFO/*3.PEFMMFOXVSEFONBOVFMMF VOEIBMCBVUPNBUJTDIFPGG





















 MF TZTU²NF TPDJBM EFT QBZT E³WFMPQQ³T FTU MkPCKFU EF
QSFTTJPOT DSPJTTBOUFT
 MJ³FT FOUSF BVUSFT
 BV E³WFMPQQFNFOU E³NPHSBQIJRVF
 ª TBWPJS
MkBDDSPJTTFNFOU DPOTUBOU EV OPNCSF EF QFSTPOOFT ¬H³FT
 VOF DBU³HPSJF EF MB
QPQVMBUJPO QBSUJDVMJ²SFNFOU FYJHFBOUF FO UFSNFT EF QSFTUBUJPOT TPDJBMFT %BOT MF
N´NF UFNQT
 MkFYQJSBUJPO EFT CSFWFUT EFT QSPEVJUT NBKFVST EFT DPNQBHOJFT




 TVTDFQUJCMF EF DPNQFOTFS MFT QFSUFT EF DIJGGSF EkBGGBJSFT #JFO BV
DPOUSBJSF
 Mk³DBSU FOUSF MFT GSBJT EkJOWFTUJTTFNFOU FU MF OPNCSF EF TQ³DJBMJU³T
QIBSNBDFVUJRVFTDPNNFSDJBMJT³FTTkFTUDSFVT³
TBOTPVCMJFSEFTFYJHFODFTEFRVBMJU³
EFQMVTFO QMVT SJHPVSFVTFT JNQPT³FT QBS MFT BVUPSJU³T










MB QIBSNBDPQ³F FO WJHVFVS
 OF QFSNFU QMVT EFT BN³MJPSBUJPOT TBUJTGBJTBOUFT $kFTU
QPVSRVPJ MB NJTF FO QMBDF EF TZTU²NFT EF TVSWFJMMBODF NPEFSOFT B ³U³ O³DFTTBJSF
"JOTJ MkBENJOJTUSBUJPO BN³SJDBJOF 'PPE BOE %SVH "ENJOJTUSBUJPO 	'%"

 B UFOU³
















³UBQFT DPNQMFYFT BZBOU VOF JODJEFODF TVS MB RVBMJU³ GJOBMF FU RVJ TPOU EJGGJDJMFT ª
TVSWFJMMFS0VUSF MBTU³SJMJU³EFTQSPEVJUT






TVS MBCBTFEk³DIBOUJMMPOTQS³MFW³TBVIBTBSE4J MBWBMFVSNPZFOOFEFT UJUSBHFT
OkFTU QBT DPOGPSNF BVY TQ³DJGJDBUJPOT
 VO MPU DPNQMFU QFVU ´USF E³USVJU
 TVJUF ª EFT
BOPNBMJFT JTPM³FT "JOTJ
 MB QPTTJCJMJU³ EF SFKFUFS JOEJWJEVFMMFNFOU MFT QSPEVJUT IPST




MB DIB¸OF EF QSPEVDUJPO
 QPVWBOU BUUFJOESF KVTRVkª  ³DIBOUJMMPOT ª BOBMZTFS QBS
NJOVUF *M TkBHJTTBJU EBOT VO QSFNJFS UFNQT




 JM GBMMBJU TJNVMFS MB DIB¸OF EF QSPEVDUJPO ª MkBJEF EkVOF JOTUBMMBUJPO QSPUPUZQF
QPVSQPVWPJSW³SJGJFS MkBQQMJDBCJMJU³EFDFUUFN³UIPEF MPSTEkVOF JOTQFDUJPOEZOBNJRVF
JOMJOF 6OF GPJT MB GBJTBCJMJU³ UFDIOPMPHJRVF ³UBCMJF
 JM TkBHJTTBJU ³HBMFNFOU EF GBJSF
FOUSFSFOMJHOFEFDPNQUF MBSFOUBCJMJU³EFT JOWFTUJTTFNFOUTO³DFTTBJSFTª MBNJTFFO
tVWSFPQ³SBUJPOOFMMF
-B TQFDUSPTDPQJF QSPDIF JOGSBSPVHF 	1*3
 B ³U³ FOWJTBH³F
 E²T MF E³QBSU
 DBS FMMF
QFSNFU MB E³UFSNJOBUJPO OPO EFTUSVDUJWF FU SBQJEF EF MkIVNJEJU³ S³TJEVFMMF 6OF
QSFNJ²SFQIBTFEk³WBMVBUJPOBDPOTJTU³FO MkBOBMZTFEF MBTJUVBUJPOEFE³QBSUQVJTEF
MkJOWFOUBJSFEFTDBSBDU³SJTUJRVFTQBSUJDVMJ²SFTPVDSJUJRVFTEFTQSPEVJUTDPODFSO³T-FT
QFSGPSNBODFT EF EFVY TQFDUSPN²USFT EF GBCSJDBOUT EJGG³SFOUT






Mk³DIFMMFEV MBCPSBUPJSF-B GBJTBCJMJU³EVEPTBHFEF MkFBV S³TJEVFMMFQBS1*3BQV´USF
³UBCMJFQVJTMBN³UIPEFWBMJE³FBWFDVOFCPOOFQS³DJTJPOQBSSBQQPSUBVUJUSBHF,'
%²T MFE³QBSU







MF TJNVMBUFVS QPVSSB ´USF VUJMJT³ QPVS MF E³WFMPQQFNFOU FU MB WBMJEBUJPO EF DZDMFT EF
MZPQIJMJTBUJPOEkBVUSFTQSPEVJUT-FTFYJHFODFTGS³RVFNNFOUS³BDUVBMJT³FTEFTBVUPSJU³T
SFMBUJWFT BVY MPHJDJFMT POU
 QBS BJMMFVST
 JNQPT³ VOF BEBQUBUJPO QFSNBOFOUF EV
QSPHSBNNF EkBQQMJDBUJPO JOMJOF &OGJO
 MB S³BMJTBUJPO EF DBMJCSBUJPOT EZOBNJRVFT B
QFSNJTMBNJTFFOtVWSFEFMkBOBMZTF1*3TVSMFT³DIBOUJMMPOTFONPVWFNFOUBWFDMFT
WJUFTTFTEFE³GJMFNFOUSFRVJTFT











EFWVFEF MFVST BWBOUBHFTFUEF MFVST JODPOW³OJFOUT"JOTJ MFTNPE²MFTRVBMJUBUJGT TF
TPOUS³W³M³TQBSUJDVMJ²SFNFOUBEBQU³TFOVTBHFEFSPVUJOF
-FT S³TVMUBUT BDDVNVM³T BV DPVST EF DFUUF ³UVEF POU ³U³ QSJT FO DPNQUF QPVS VOF
FTUJNBUJPOEFMBSFOUBCJMJU³FUEVSFUPVSTVSJOWFTUJTTFNFOU"JOTJ
VOBNPSUJTTFNFOUTVS
NPJOTEF EFVYBOT QFVU ´USF FOWJTBH³



















































































































































JOUSPEVDF UFDIOJDBM JOOPWBUJPOT UP UIFJS QSPEVDUJPO FOWJSPONFOU 5IJT TUVEZ XBT
DPOEVDUFECZUIF(BMFOJDBM#VML0QFSBUJPOTEFQBSUNFOUMPDBUFEBU#BTFMXJUIUIFBJN
PG JODSFBTJOH UIF QSPEVDUJWJUZ PG UIF MZPQIJMJ[BUJPO MJOF BOE UP SBJTF UIF RVBMJUZ PG JUT
PVUQVU
5IFSFTJEVBMNPJTUVSFJOMZPQIJMJ[FEQSPEVDUTJTBDSJUJDBMRVBMJUZQBSBNFUFSJOGMVFODJOH
OPU POMZ UIF QSPEVDUT BQQFBSBODF BOE TPMVCJMJUZ CVU UIF TIFMG MJGF BT XFMM 'PS UIBU




SFRVJSFECZ UIF&VSPQFBOBVUIPSJUJFT UPQSPWF UIFDPOGPSNJUZBOEUIFQIBSNBDFVUJDBM
RVBMJUZPGBQSPEVDU*OPSEFSUPDPOUSPMUIFQSPEVDUJPOTUSFBNBTCFTUBTQPTTJCMFBOE























UP  NCBS BOE UIF TIFMWFT XFSF NPWFE VQ JO PSEFS UP QVTI UIF
TUPQQFSTJOUPUIFCPUUMFOFDL
BOEDMPTFUIFWJBMTDPNQMFUFMZ5IFOUIF
DBCJOFU QSFTTVSFXBT CBMBODFE UP BUNPTQIFSJD QSFTTVSF %VF UP UIF
QSFTTVSFHSBEJFOUGSPNUIFPVUTJEFUPUIFJOTJEF
UIFWJBMTXFSFTFBMFE
WFSZ UJHIUMZ 5IF USBZT XFSF VOMPBEFE GSPN UIF ESZFST BOE DSJNQFE
EJSFDUMZ"T B MBTU TUFQ










5IFBWFSBHF SFTVMU PG UIF UISFF TBNQMFTXBT DPOTJEFSFEBT UIF SFMFBTFWBMVF GPS UIF
FOUJSFMPU
)JHI DPTUT JODVSSFE BT UIJT NFUIPE XBT UJNF DPOTVNJOH
 TBNQMF EFTUSVDUJWF
 BOE
SFRVJSFE FOWJSPONFOU QPMMVUJOH SFBHFOUT %FQFOEJOH PO UIF QSPEVDU UIF 2$
EFQBSUNFOUJOWPJDFEQFSCBUDISFMFBTFCFUXFFOUPNJOVUFT"MSFBEZTPNFZFBST
BHP UIJT GBDU JOEVDFE B DIBOHF SFRVFTU GPS UIFNPTU GSFRVFOU QSPEVDU BU UIBU UJNF
'VSUIFSNPSF B OPOEFTUSVDUJWF OFBSJOGSBSFE 	/*3
 EFUFSNJOBUJPO XJUI B MBCPSBUPSZ
"*OUSPEVDUJPO
 
HSBUJOH TQFDUSPNFUFS XBT SFHJTUFSFE BT PGGJDJBM SFMFBTF NFUIPE &YDMVEJOH BOZ
QSFQBSBUJWF TUFQ
 POFNFBTVSFNFOU UPPL OPNPSF UIBO POFNJOVUF BOE SFEVDFE UIF
DPTUTCZUXPUIJSET
0DDBTJPOBMMZ
 PVU PG TQFDJGJDBUJPO 	004
 WJBMTXFSF EFUFDUFE"QQBSFOUMZ TPNFPG UIF
UIPVTBOETPGWJBMT JOFBDIESZFS MPBEHPUTIVUCFUXFFOUIFJSOFJHICPST MFBEJOHUPBO
JOTVGGJDJFOU TIFMG DPOUBDU BOE UIFSFCZ B XPSTF UIFSNBM DPOEVDUJWJUZ 5IJT DBVTFE
VOTBUJTGBDUPSZESZJOHSFTVMUT GPS SBSFFYDFQUJPOT JODPNQBSJTPOUP UIF UPUBMOVNCFSPG
WJBMT 4PNF VOTVDDFTTGVM TUVEJFT XFSF DPOEVDUFE UP SFQSPEVDF TVDI TVQQPTFE
QIFOPNFOB%VFUPOBUVSBMQSPDFTTWBSJBUJPOTEJGGFSFODFTJOXBUFSDPOUFOUPGUIFFOE
QSPEVDUTFFNFE UPCFVOBWPJEBCMF5XP SFTVMUJOHTDFOBSJPTXFSFQPTTJCMF&JUIFS UIF
PVUMJFSTXFSFOPUEFUFDUFE
CVUEFMJWFSFEXJUIUIFSFTUPGUIFDPNQMJBOUQSPEVDUCFBSJOH
QPUFOUJBM IFBMUI SJTLT BOE FYQFOTJWF QSPEVDU SFDBMMT 0S UIF XIPMF CBUDI IBE UP CF





5IF BJN XBT UP QSFWFOU CPUI TDFOBSJPT UIF EFMJWFSZ PG BOZ 004 WJBM BOE UIF














8JUI SFHBSE UPBQSPDFTTBOBMZUJDBM UFDIOPMPHZ 	1"5

 JUIBE UPCFEFNPOTUSBUFE UIBU






 NVDI IJHIFS NFBTVSFNFOU WFMPDJUJFT XPVME CF SFRVJSFE UIBO JO UIF
MBCPSBUPSZBQQMJDBUJPO(JWFOUIBUUIFMJOFTNBYJNVNTQFFEXBTWJBMTQFSNJOVUF
BOE UIF BVUPNBUFE BOBMZ[FS TIPVME CF JOUFHSBUFE EJSFDUMZ CFIJOE UIF DSJNQJOH
NBDIJOF
 UIF QFSGPSNBODF JO TQFFE BOE BDDVSBDZ PG/*3" IBE UP CF FWBMVBUFE 'PS
TFDVSJUZSFBTPOTBGVSUIFSNBSHJOPGBCPVUXBTBEEFEUP UIFNBYJNVNWFMPDJUZ
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Table A-1: Attributes and registered values of the freeze-dried products in question.  
Product C 400 mg and Product D were either under development or revalidation and were 
just mentioned for completeness. 
5PDBMJCSBUFBRVBOUJUBUJWFPSRVBMJUBUJWF/*3NPEFMNVDIQSFQBSBUPSZXPSLIBEUPCF
DPOEVDUFE"SFGFSFODFNFUIPEXBTOFFEFEUPQSPWJEFUIFBDUVBMWBMVFTJOSFMBUJPOUP
UIF BDRVJSFE TQFDUSB 0CWJPVTMZ UIJT XPSL DPVME OPU CF EPOF JO BO PQFSBUJWF BSFB
PUIFSXJTFUIFXIPMFQSPEVDUJPOXPVMECFJOUFSSVQUFE4VCTFRVFOUMZTVDIBOBQQBSBUVT
IBEUPCFNBJOUBJOFEJOBMBCPSBUPSZBOEUIFOUSBOTGFSSFEUPUIFJOMJOFBQQMJDBUJPO





1IBSNBDFVUJDBMTBSFQSPEVDUT UIBUOFFE UPDPNQMZXJUIIJHIFTUEFNBOET JO UFSNTPG
RVBMJUZ






"T UIFTF SFHVMBUJPOT BSF CJOEJOH SFRVJSFNFOUT GPS BOZ OFX JOTUBMMBUJPO JO B
QIBSNBDFVUJDBM QSPEVDUJPO FTQFDJBMMZ UIF(.1 TIPVME CF QSFTFOUFE TUSVDUVSBMMZ BOE
UFYUVBMMZDPODFSOJOH/*3TQFDUSPTDPQZ
5IF BQQMJDBUJPO PG UIFTF SVMFT JT SFHVMBSMZ WFSJGJFE CZ UIF BENJOJTUSBUJWF BVUIPSJUJFT
'SPNUIFQPJOUPGWJFXPGBOJOUFSOBUJPOBMMZPQFSBUJOH4XJTTQIBSNBDFVUJDBMTDPNQBOZ
FTQFDJBMMZ UIF 4XJTTNFEJD





















*O  UIF 8PSME )FBMUI 0SHBOJ[BUJPO 	8)0
 QVCMJTIFE GPS UIF GJSTU UJNF CBTJD
QSJODJQMFT PG BO BEWJTPSZ OBUVSF













D(Y1 HVJEFMJOFT BSF OPX NBOEBUPSZ GPS QIBSNBDFVUJDBMT NBOVGBDUVSFST 'JHVSF #
JMMVTUSBUFTUIFHFPHSBQIJDTDPQFPG(.1HVJEFMJOFT
  









Figure B-1: Overview of relevant GMP guidelines. GMP = Good Manufacturing Practices,  
EC = European Community, PIC = Pharmaceutical Inspection Convention, and its successor 
organization PICS = Pharmaceutical Inspection Cooperation Scheme. 
"MM (.1 HVJEFMJOFT BSF CBTFE PO QIBSNBDFVUJDBM RVBMJUZ CZ QSJPS WFSJGJDBUJPO PG UIF
DPSSFDU GVODUJPOJOH PG FRVJQNFOU 	RVBMJGJDBUJPO
 BOE NBOVGBDUVSJOH NFUIPET
	WBMJEBUJPO
5IFUFSNRVBMJGJDBUJPOIFSFNFBOTQSPPGPGDPSSFDUPQFSBUJPOPGFRVJQNFOU
BOE BQQBSBUVT *O BDDPSEBODF XJUI &$  1*$ (.1 HVJEFMJOFT
 WBMJEBUJPO JT HFOFSBMMZ
UBLFO UP NFBO QSPWJTJPO PG QSPPG UIBU NFUIPET







 DBSF NVTU CF UBLFO JO RVBMJUZ BTTVSBODF UIBU WBMJEBUJPO BOE RVBMJGJDBUJPO




5IF *OUFSOBUJPOBM $POGFSFODF JO )BSNPOJ[BUJPO PG 5FDIOJDBM 3FRVJSFNFOUT GPS
3FHJTUSBUJPO PG 1IBSNBDFVUJDBMT GPS )VNBO 6TF 	*$)
 GPVOEFE JO  JT B VOJRVF
QSPKFDU UIBU CSJOHT UPHFUIFS UIF SFHVMBUPSZ BVUIPSJUJFT BOE FYQFSUT GSPN UIF
QIBSNBDFVUJDBM JOEVTUSZPG &VSPQF
 +BQBOBOE UIF6OJUFE 4UBUFT UP EJTDVTT TDJFOUJGJD
BOE UFDIOJDBM BTQFDUT PG QSPEVDU SFHJTUSBUJPO 5IF QVSQPTF JT UP NBLF





EFWFMPQNFOU PG OFX NFEJDJOFT 5IF PCKFDUJWF PG TVDI IBSNPOJ[BUJPO JT B NPSF
FDPOPNJDBM VTF PG IVNBO
 BOJNBM
 BOE NBUFSJBM SFTPVSDFT
 BOE UIF FMJNJOBUJPO PG
VOOFDFTTBSZ EFMBZ JO UIF HMPCBM EFWFMPQNFOU BOE BWBJMBCJMJUZ PG OFX NFEJDJOFT *O
NFBOUJNF TBGFHVBSET PO RVBMJUZ
 TBGFUZ BOE FGGJDBDZ





5IF WBMJEBUJPO PG BOBMZUJDBMNFUIPET JT B DPNQMFY UFDIOJDBMNBUUFS PG DPOGJSNJOH UIF
USVTUXPSUIJOFTT PG UIFNFUIPE7BMJEBUJPO FOTVSFT UIBU




 BOE BDDVSBUF SFTVMUT %FQFOEJOH PO UIF















Table B-1: Parameters used to evaluate analytical methods.

 






2VBMJGJFE MBCPSBUPSZ BQQBSBUVT NVTU CF VTFE UP WBMJEBUF BOBMZUJDBM NFUIPET 5IF
QVSQPTF PG RVBMJGZJOH BOBMZUJDBM BQQBSBUVT JT UP UFTU BOE HVBSBOUFF UIF QSPQFS












UIFO VTFE UP EFGJOF TZTUFN TQFDJGJDBUJPOT BOE UIF UFDIOJDBM EFTJHO %FTJHO
RVBMJGJDBUJPOQSPWJEFTQSPPGUIBUUIFTZTUFNIBTCFFOQMBOOFEJOBDDPSEBODFXJUIVTFS

























































Figure B-2: V-model for the purchase and development of analytical devices. The terms are 
defined in the accompanying text. 
#$PNQVUFSJ[FETZTUFNWBMJEBUJPO
/PXBEBZT
 DPNQVUFS TZTUFNT BSF VTFE JO WJSUVBMMZ FWFSZ BSFB PG B QIBSNBDFVUJDBM




QBDLBHFTXIJDI IBWF CFFO USJFE BOE UFTUFE CZ DPNNPO VTF SFRVJSF MJUUMF WBMJEBUJPO
FGGPSU
NPSFJTSFRVJSFEGPSDVTUPNJ[FEPSDMJFOUDPOGJHVSBCMFTPGUXBSF%FWFMPQNFOUPG









 UIF QIBSNBDFVUJDBM JOEVTUSZ NBOVGBDUVSJOH TFDUPS JT IJHIMZ
SFHVMBUFE BOE UIF SFTQPOTJCMF BVUIPSJUJFT EFNBOE SFWJFX BOE BQQSPWBM PG QSPDFTT

EPDVNFOUBUJPO
 BOE GBDJMJUZ QSJPS UP PGGJDJBM BQQSPWBM PG BOZ GBDJMJUZ PS QSPEVDU
4VCTFRVFOU QSPDFTT DIBOHFT PGUFO SFRVJSF B OFX SFWJFX BOE BQQSPWBM CFGPSF
JOTUJUVUJPO 5IVT FWFO UIF POHPJOHNBOVGBDUVSJOH QSPDFTT JT DPOUJOVPVTMZ TVCKFDU UP














 QSPDFTT FGGJDJFODZ BSF UIF DPOTFRVFODFT *O DPNCJOBUJPO BMM








FH JO JOGPSNBUJPOTDJFODF#VU UIF UFDIOPMPHJFTEJE
OPU FWPMWF BT RVJDLMZ JO QIBSNBDFVUJDBM JOEVTUSZ BT JO PUIFS TFDUPST BOE UIF IJHI
SFHVMBUJPOTMPXFEEPXOUIFBEPQUJPOPGOFXUFDIOPMPHJFT
4JHOJGJDBOU QPUFOUJBM BOE OFFET FYJTU UP JNQSPWF UIF FGGJDJFODZ PG QIBSNBDFVUJDBM
NBOVGBDUVSJOH BOE SFMBUFE SFHVMBUPSZ QSPDFTTFT 5IF UFDIOPMPHJDBM PQQPSUVOJUJFT BSF




0OF BQQSPBDI GPS NPEFSO QSPDFTT NBOBHFNFOU BOE JNQSPWFNFOU JT UIF 4JY 4JHNB



































JTBO JOWFSTF SFMBUJPOTIJQCFUXFFO UIF MFWFMPGQSPDFTTVOEFSTUBOEJOHBOE UIF SJTLPG
QSPEVDJOHBQPPSRVBMJUZQSPEVDU#VU
EVFUP SFHVMBUPSZVODFSUBJOUJFTBOEBOVNCFS
PG TDJFOUJGJD BOE UFDIOJDBM JTTVFT
 UIF QIBSNBDFVUJDBM JOEVTUSZ TPNFUJNFT QSFGFST UP
BEPQU B EPOU VTF PS EPOU UFMM BQQSPBDI FWFO JG UIFZ IBE CFUUFS BOBMZTJT BOE
QSPEVDUJPO UFDIOPMPHZ UP JNQMFNFOU
 XIJDI JT BO VOEFTJSBCMF TJUVBUJPO GPS CPUI
JOEVTUSZBOEQVCMJDIFBMUI







σ   
σ   
Figure B-4: Higher sigma indicates better processes. The pharmaceutical industry is 
typically located between two and three V which is a sign for poor productivity. 
#1"5EFGJOJUJPOBOEPQUJPOT
5IF '%" QSPDFTT BOBMZUJDBM UFDIOPMPHJFT 	1"5
 JOJUJBUJWF JT BO FGGPSU UP GBDJMJUBUF UIF









Systems for design, analysis and control
of manufacturing processes based on timely measurements
of critical quality and performance attributes
of raw and in-process materials and processes
to assure final product quality.







Figure B-6: Paradigm shift to the process control philosophy considering tablet 
manufacturing as an example: (a) end of phase testing of quality, to reduce the risk in 
moving to the next stage, (b) continuously or more frequently quality testing during each 
phase, to recognize deviations right in time to take measures. The amount of classical 
laboratory control can be reduced. 
1"5 JOWPMWFT PQUJNBM BQQMJDBUJPOT PG QSPDFTT BOBMZUJDBM DIFNJTUSZ UPPMT BMSFBEZ
EFTJHOFE JO UIF EFWFMPQNFOU QIBTF
 GFFECBDL QSPDFTT DPOUSPM TUSBUFHJFT
 BOE
JOGPSNBUJPONBOBHFNFOUUPPMTBOEPSQSPEVDUQSPDFTTPQUJNJ[BUJPOTUSBUFHJFTUPUIF
















Figure B-7: Options for introducing PAT. *A step-by-step approach, one unit operation at a 
















5IF UFSN JOMJOF EFTDSJCFT NFBTVSFNFOUT NBEF XJUI 1"5 XIFSFBT UIF TFOTPS JT




.FBTVSFNFOUTNBEFXJUI1"5DPOOFDUFE UP UIFQSPDFTT UISPVHIB TBNQMJOH TZTUFN
BSF POMJOF 5ZQJDBMMZ UIJT XJMM CF BO BOBMZ[FS SFRVJSJOH TBNQMF DPOEJUJPOJOH QSJPS UP
BOBMZTJTPSBTFOTJOHUFDIOJRVFUIBUDBOOPUCFJOEJSFDUDPOUBDUXJUIUIFQSPDFTTPSCF




.FBTVSFNFOUTNBEFXJUI1"5 MPDBUFEDMPTF UP UIFQSPDFTT
CVUOPU JOEJSFDUDPOUBDU
XJUI JU BSF BUMJOF 5IF TBNQMFT BSF SFNPWFE GSPN UIF QSPDFTT BOE CSPVHIU UP UIF






"MM UIFTF TBNQMJOH UFDIOJRVFT DBO CFOPOJOWBTJWF





QPUFOUJBM GPS TJHOJGJDBOU SFEVDUJPO JOQSPEVDUJPO 	BOEEFWFMPQNFOU
DZDMF UJNFEVF UP
























5IF DPNQBOJFT JOUFOE UP NPWF BXBZ GSPN DVSSFOU VOJWBSJBUF QSFTDSJQUJWF UFTUJOH
BDDPSEJOH UP QIBSNBDPQPFJB NPOPHSBQIT UP NVMUJWBSJBUF QSPDFTT GPDVTFE
NFBTVSFNFOUT 5IF SFHVMBUJPO PG 1"5 IBT UP SFDPHOJ[F UIBU OFX JOTJHIU JOUP UIF
QSPDFTT
 XIJDI EPFT OPU BGGFDU UIF RVBMJUZ PG UIF QSPEVDU GPS JUT JOUFOEFE VTF
 BOE
TIPVME OPU SFRVJSF NBOEBUFE DIBOHFT JO QSPDFTT 5IF SFQMBDFNFOU PG DVSSFOU PS
DMBTTJDBM NFUIPET XJUI 1"5T GPS SPVUJOF UFTUJOH NFUIPET TIPVME CF BMMPXFE
'VSUIFSNPSF






BDBEFNJB UP TVQQPSU OFX SFTFBSDI BSFBT 4JNVMUBOFPVTMZ UIF '%"T $%&3 UPHFUIFS






















































































































































































-ZPQIJMJ[BUJPO PS GSFF[F ESZJOH JT B QSPDFTT JOXIJDI UIFNBKPS QPSUJPO PGXBUFS BOE
TPMWFOUT JO UIF GSP[FO QSPEVDU JT SFEVDFE CZ TVCMJNBUJPO BOE EFTPSQUJPO 'JSTU UIF
QSPEVDUJTGSP[FOBOEUIFOQMBDFEVOEFSBWBDVVN
BMMPXJOHUIFJDFUPDIBOHFEJSFDUMZ
GSPN TPMJE UP WBQPSXJUIPVU QBTTJOH UISPVHI B MJRVJE QIBTF 5IF UBSHFU JT UP SFNPWF
DBSFGVMMZ XBUFS PVU PG TPMVUJPOT
 EJTQFSTJPOT BOE NJYUVSFT
 FTQFDJBMMZ XIFO UIFSNP
MBCJMF TVCTUBODFT BSF QSFTFOU
 UP MJNJU CJPMPHJDBM BOE DIFNJDBM SFBDUJPOT BU UIF
EFTJHOBUFETUPSBHFUFNQFSBUVSF
6TVBMMZBGUFSGSFF[FESZJOHIJHIMZQPSPVTDBLFTPSQPXEFSTDPNFJOUPFYJTUFODFCFJOH
WFSZ IZHSPTDPQJD 	MZPQIJMJ[BUJPO (SFFL kMZFJOk EJTTPMWF  kQIJMPTk MPWJOH
 EVF UP UIFJS






BSF DPNQBSFE 5IF USJQMF QPJOU 	5 " 
 XIFSF JDF
 MJRVJE XBUFS





XIJMF UIF GSFF[JOHQPJOUEFDSFBTFTPG∆5 # 
















































Vapor pressure above ice:
[°C] 0 -18 -40 -58











Figure B-10: The phase diagram of water and a water solution illustrating the process steps 
of freeze drying with 'Tf = freezing point depression, 'p = vapor pressure depression,  




5IF QSPEVDUJPO PG MZPQIJMJ[BUFT DPOTJTUT PG TFQBSBUF
 VOJRVF
 BOE JOUFSEFQFOEFOU
QSPDFTT TUFQT 'JSTU PG BMM UIFESVHBOEFYDJQJFOUT OFFE UP CF EJTTPMWFE JO B TVJUBCMF
TPMWFOU
HFOFSBMMZXBUFS GPS JOKFDUJPO5IFCVMLTPMVUJPO JT UIFOTUFSJMJ[FECZQBTTJOH JU
UISPVHI B  NJDSPO CBDUFSJBSFUFOUJWF GJMUFS BOE GJMMFE JOUP JOEJWJEVBM TUFSJMF
DPOUBJOFST"GUFSQBSUJBMMZTUPQQFSJOHUIFDPOUBJOFSTVOEFSBTFQUJDDPOEJUJPOTUIFZBSF
USBOTQPSUFE UP UIF MZPQIJMJ[FS BOE MPBEFE JOUP UIF DIBNCFS )FSF UIF DPOUBJOFST BSF
QMBDFEPODPPMFETIFMWFTBOEUIFTPMVUJPOJTGSP[FO0ODFUIFFOUJSFTPMVUJPOCFDBNF
GSP[FOBIJHIWBDVVNJTBQQMJFEUPUIFDBCJOFUBOEJUJTTUBSUFEUPIFBUUIFTIFMWFTJO
PSEFS UP TVCMJNBUF BOE UP EFTPSC UIF XBUFS
 JO QSJNBSZ BOE TFDPOEBSZ ESZJOH










UIF WBDVVN JT QFSGPSNFE JO UIF TFDPOE TUFQ 	CMVF BSSPX JO 'JHVSF #
 %VSJOH
GSFF[JOH BO BRVFPVT TPMVUJPO JT HSBEVBMMZ DPODFOUSBUFE




IBT OPU DPNQMFUFMZ GSP[FO 5IJT JT UIF HMBTT USBOTJUJPO UFNQFSBUVSF
 XIFSF UIF
QSPQFSUJFTPG UIFBNPSQIPVTNJYUVSF DIBOHF GSPN UIPTF UZQJDBMPGBOFMBTUJD TPMJE UP
UIPTF PG B EFGPSNBCMF
 WJTDPFMBTUJD SVCCFS

 "CPWF UIF HMBTTUSBOTJUJPO UFNQFSBUVSF
WJTDPTJUZ ESPQT BOE UIF GSFF[F DPODFOUSBUF CFDPNFT TFOTJUJWF UP NFDIBOJDBM
EFGPSNBUJPO 	BOE DIFNJDBM BOE NJDSPCJPMPHJDBM EFUFSJPSBUJPO
 *O GSFF[FESZJOH
UFSNJOPMPHZ UIJT QSPDFTT JT LOPXO BT DPMMBQTF

 #FZPOE PUIFST
 $BSQFOUFS BOE 1JLBM
TIPXFEUIBUEFWFMPQJOHBHMBTTZNBUSJYEVSJOHGSFF[JOHDPVMETVCTUBOUJBMMZSFEVDFUIF
PTNPUJD BOE NFDIBOJDBM TUSBJOT UP UIF NPMFDVMFT 6OGPSUVOBUFMZ UIJT NJHIU BMTP CF
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Figure B-11: The temperature and the pressure characteristics of a typical freeze drying 
cycle. >  
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Figure B-12: Heat transfer and vapor transport during sublimation.
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Figure B-13: Illustration of different spectral ranges: from the ultra-violet (UV) about the 
visible (VIS) and the infrared (IR) to the microwaves. 
%VF UP BCTPSQUJPO PG MJHIU FOFSHZ TUSFUDIJOH BOE EFGPSNBUJPO PG CPOEJOH BOHMFT BSF
DBVTFE5IFDPOTFRVFODFTBSFNPMFDVMBSWJCSBUJPOT5IFEJGGFSFODFCFUXFFO/*3BOE









7JCSBUJPOBM TQFDUSPTDPQZ JT CBTFE PO UIF DPODFQU UIBU BUPNUPBUPN CPOET XJUIJO
NPMFDVMFTWJCSBUFXJUIGSFRVFODJFT UIBUNBZCFEFTDSJCFECZUIF MBXTPGQIZTJDTBOE
BSF UIFSFGPSFTVCKFDU UPDBMDVMBUJPO8IFO UIFTFNPMFDVMBSWJCSBUPSTBCTPSC MJHIUPGB
QBSUJDVMBS GSFRVFODZ









GSFRVFODJFT PG BOZ UXP BUPNT DPOOFDUFE CZ B DIFNJDBM CPOE NBZ CF SPVHIMZ










Equation B-1: Hookes law valid for on ideal diatomic harmonic oscillator, with  
Q = vibrational frequency, k = classical force constant, P = reduced mass of the two atoms. 
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Figure B-14: Potential energy diagram of vibrational mode calculated as (a) an ideal 
harmonic diatomic oscillator, and (b) an actual anharmonic diatomic oscillator  
(Epot = potential energy, ED = dissociation energy, r0 = interatomic distance, Qx = energy 
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Equation B-3: Valid for Q = 0, 1, 2, ... and h = Planck’s constant. 
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Equation B-4: Valid for Q1, Q2, Q3... = 0, 1, 2, ... and h = Planck’s constant. 
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Equation B-5: The anharmonic oscillator, where Ze = (½ S) (ke / P)½ = vibrational frequency, xe 
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Figure B-15: Illustration of the anharmonic vibrations of SO2. OO  
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Figure B-16: Table of near-infrared absorption bands of common functional chemical 
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Figure B-18: Overview of the different sampling modes that can also be combined. 
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Figure B-19: Emission intensities of light sources used in spectroscopy. OW  
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Equation B-8: Fourier transformation, with a0 = average of the spectrum (mean term),  







UIF TQFDUSVN DPVME CF EJTDBSEFE CZ SFDPOTUSVDUJOH UIF TQFDUSVN XJUIPVU UIF GJSTU
'PVSJFS UFSN 0GUFO





GSPNUIFSFDPOTUSVDUFETQFDUSVNIBTBTNPPUIJOHFGGFDU M Y 
¾ 1SJODJQMFPGNFBTVSFNFOU
".JDIFMTPO JOUFSGFSPNFUFS JT TFFO JO 'JHVSF# 5IF MJHIU GSPN UIF TPVSDF JT TQMJU
JOUP UXP TFHNFOUT CZ UIF CFBN TQMJUUFS 0OF QPSUJPO USBWFMT UP B GJYFENJSSPS BOE JT






 FH B 'PVSJFS USBOTGPSN 5IF SFTPMVUJPO PG BO '5 TQFDUSPNFUFS
EFQFOET PO UIF DPWFSFE EJTUBODF PG UIF NJSSPS 5IF MPOHFS UIF XBZ
 UIF IJHIFS UIF
SFTPMVUJPO
 CVU UIF NPSF UJNF JT OFDFTTBSZ QFS TDBO FJUIFS 8JUIPVU SFTQFDU UP UIF
SFRVJSFEXBWFMFOHUI SBOHF
 UIFNJSSPS 	PS XJTICPOF











Figure B-20: Michaelson interferometer (a = light source, b = beam splitter, c = moving 
mirror, d = fixed mirror, e = sample, f = detector). The resolution of the scan is dependent on 
the moving distance of the mirror c. 

Figure B-21: The Bomem Michelson Interferometer, an interference-type spectrometer with 
moving wishbone scan arm and cubic mirrors. The helium-neon laser serves as wavelength 
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Equation B-9: Computation of the refractive angle, where O = optical wavelength in air,  
fa = acoustic frequency, Va = acoustic velocity, 4 = angle between the incident and the 
diffracted laser beam. 
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Equation B-10: Computation of the intensity of the diffracted light. 
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Equation B-11: Bragg’s law, with m = order of diffraction, O = wavelength (of light emitted),  
d = distance between lines of the grating, T = angle of diffraction. 
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Figure B-23: PCA derives a model that fits the data as well as possible in the least squares 
sense. Alternatively, PCA may be understood as maximizing the variance of the projection 
coordinates. Each observation is projected onto this line in order to get a coordinate value 
along the PC-line. This value is known as a score. 
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Figure B-24: The principal component loadings uncover how the PC model plane is inserted 
in the variable space. The loadings are used for interpreting the meaning of the scores. 
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Equation B-12: The first term represents the variable averages and originates from the 
preprocessing step. The second term is the matrix product and models the structure. The 
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Figure B-25: A matrix representation of how a data table X is modeled by PCA. 
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Figure B-26: A regression situation with K wavelengths (X-matrix) and M response(s)  























²!´ µB­a¶ · ³=¸

Figure B-27: In a regression problem, the observations can be understood as two point 
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Figure B-28: With a single y-variable, the Y-space reduces to a one dimensional vector. The 
first component of the PLS model will therefore orient itself so that it well describes the 
point swarm in the X-space while at the same time giving a good correlation with the  
y-vector. The projections of the observations onto the line in the X-space give the score of 
each observation. These are new coordinate values of the observations and they form the 
score vector t1. This vector summarizes the information in the original x-variables. 
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Figure B-29: An illustration of the y-residuals remaining after the first PLS component. The 
residual vector f1, obtained by subtracting (1) from y, is shorter than the vector consisting of 
the measured data. Therefore the first component has explained a large part of the response 
variation. 
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Figure B-30: The second projection coordinate (i.e. the second latent variable) in the  
X-space is orthogonal to the first one. By projecting the observations onto this line one 
obtains the score vector t2. In part (b) of the figure, we can see how the second score vector 
times the second loading c2, correlates with the y-residual f1, after the first dimension. The 
two components together define a plane in the X-space. 
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Figure B-31: A comparison of Figure B-28 and Figure B-31 indicates that the y-variable is 
better modeled with two components than when using only one component. Geometrically, 
(2) is interpretable as the result of the vector addition of PC 1 and PC 2 in the X-space. 
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Figure B-32: Schematic illustration of the explanatory power of a PLS. After one PC, the y-
residual f1, is significantly smaller than the spread of the measured variable. The situation is 
even better after the inclusion of the second component, and the residual f2. 
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Equation B-13: Due to inner relation there are two formulas leading to Y. 
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Figure B-33: Illustration of the matrix relationships in PLS, described by the PLS scores T 
and U, the X-loadings P’, the X-weights W’, and the Y-weights C’. The variation in the data 




Figure B-34: Flow chart for multivariate calibration of NIR data. 
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Equation B-14: Formula to compute the absorbance A, with I = intensity of radiation passing 
through or reflected from the sample, I0 = intensity of the incident light, T and  
R = transmittance and reflectance, respectively. 
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Equation B-15: The Kubelka-Munck function with K = true absorbance, S = scatter,  
R = reflected light. R is defined as R = I / I0 intensity of the incident light. 
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Equation B-16: If c’ = lg (c) is sample dependent, this will cause an additive baseline 
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Equation B-17: The Multiplicative Scatter Correction with offset Ai and slope Bi. The index i 
stands for all individual objects in the data set. 
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Figure B-35: Course of the current over the time in a coulometric titration. 
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Equation B-18: Calculation of the required charge by means of the current IE and the time of 
analysis tE. 
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Table C-1: Overview about the product specifications. 
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Figure C-1: Duplicate TGA analysis of Product A 20mg. At approx. 60 °C the greatest loss of 
mass per unit time occurs, while the lyophilizate decomposes above approximately 140 °C 
(The corresponding plots for the other products are attached in the appendix). 




 JU QSPWFEQPTTJCMF UP BDIJFWFXBUFSDPOUFOUTPGBU
$BOEESZJOHUJNFTPGBQQSPYJNBUFMZIPVST*OPSEFSUPBWPJEBOZOFXBCTPSQUJPO
PGNPJTUVSF CZ UIF TBNQMFT PO SFNPWBM GSPN UIF ESZJOH DBCJOFU
 UIF 5FGMPO TUPQQFST











Table C-2: Guideline values for drying temperatures. 
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Table C-3: Stated relative air humidity over a saturated potassium dihydrogen phosphate 
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Figure C-2: Absolute mass increase over 2 hours averaged of 3 samples per product. The 
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Equation C-3: The variation in fill mass was much higher than the mass increase due to the 
water absorption. 
4JODF UIJT FSSPS XBT BQQSPYJNBUFMZ UFO UJNFT HSFBUFS UIBO UIF JODSFBTF JO NBTT
SFTVMUJOH GSPN XBUFS BCTPSQUJPO
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Figure C-3: The mass increase resulting from water absorption was divided by the target fill 
mass of the product in question. 
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Table C-4: Typical baseline water content of the different dosage forms. The widest variation 
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Figure C-4: Empirical relation between the result of the KF titration and the humidification 
time. 
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NFUIPE 4PNF QSPEVDUT 	FTQFDJBMMZ 1SPEVDU %
 EFNPOTUSBUFE QPPS TPMVCJMJUZ BOE JU
DPVMECFEPVCUFEJGSFBMMZUIFFOUJSFXBUFSXBTSFMFBTFECZUIFTBNQMF*OTVDIDBTFT





PGESZOJUSPHFO JOUP UIF DPVMPNFUSJDDFMM 5IF TBNQMFTEPOPU SFRVJSFEJTTPMVUJPOBOE
UIF WFTTFM JT OPU DPOUBNJOBUFE 4JEF SFBDUJPOT BOE GSFRVFOU TPMWFOU SFQMBDFNFOU BSF
DPOTFRVFOUMZBWPJEFE





*UTIPVMECFBTTFTTFE JGBO JNQSPWFNFOUPGCPUIUIFBDDVSBDZPG UIF/*3DBMJCSBUJPOT
BOE UIF TBNQMF IBOEMJOH DPVME CF BDIJFWFE BT BO BMUFSOBUJWF XBUFS DPOUFOU
EFUFSNJOBUJPO 5P BMMPX HPPE DPNQBSBCJMJUZ






PSJHJOBM BOENPJTUVSJ[FETBNQMFTXFSFQSFQBSFE1SJPS UP UJUSBUJPO UIFZ
XFSF /*3 NFBTVSFE 	
  
 ON
  ON SFTPMVUJPO
  TDBOT
 5IF VOJRVF




GJMMJOH QSFGFSBCMZ UIF FOUJSF DBLF JOUP TQFDJBM TFBMBCMF HMBTT DPOUBJOFST )FBUJOH
UFNQFSBUVSFT TVQFSJPS UP  $ CVU JOGFSJPS UP BOZ EFDPNQPTJUJPO XFSF JEFOUJGJFE












MFBEJOH UP B RVJUF QPPS DPSSFMBUJPO 5IF EBUB QPJOUT XFSF SBUIFS BSCJUSBSJMZ TDBUUFSFE
BCPVUUIFFOUJSFQMPU5IFDPSSFMBUJPOWBMVFTPGSBUIFSJOEJDBUFOPDPSSFMBUJPOUIBOB
HPPESFMBUJPOCFUXFFOUXPEBUBTFUT5IFGBSUPPMPXTMPQFCVUUPPIJHIPGGTFUJOEJDBUFE





Figure C-6: Model overview of the calibration of exclusively original samples. The residual 

















Figure C-7: Model overview of the calibration with 10 artificially moisturized samples added. 
¾ 1SPEVDU%
,'PWFOBTSFGFSFODFNFUIPE
%VF UP JUT QPPS TPMVCJMJUZ





PG  $ "HBJO B SFHSFTTJPO PG UIF NVMUJQMJDBUJWF TDBUUFS DPSSFDUFE EBUB XBT
DPNQVUFE1$TXFSFSFRVJSFEUPPCUBJOXFBLDBMJCSBUJPOCFODINBSLT/PUTBUJTGZJOH












UIBU PG 1SPEVDU "
 JU XBT OPU QPTTJCMF UP BDIJFWF BDDFQUBCMF SFHSFTTJPO SFTVMUT 6O
SFQSPEVDJCMFUJUSBUJPOSFTVMUTDBVTFEBCSPBETDBUUFSPOUIFQSFEJDUFEWFSTVTNFBTVSFE
QMPUT PG UIF DBMJCSBUJPOT &TQFDJBMMZ
 UIF PSJHJOBM TBNQMFTXFSF VOEFSFTUJNBUFE JO UIF
/*3"QSFEJDUJPOT5PUSBOTGJMMUIFMZPQIJMJ[BUFTJUXBTOFDFTTBSZUPPQFOUIFIFSNFUJDBMMZ
TFBMFE DPOUBJOFST "GUFSXBSET
 UIF TBNQMFT SFNBJOFE B DFSUBJO UJNF PO UIF TBNQMF


















Figure C-9: Volumetric KF titration stand.   
'PS FBDI QSPEVDU B QSFDJTF UJUSBUJPO QSPDFEVSF XBT MFHBMMZ SFHJTUFSFE
 XIJDI SFTVMUT
XFSFBDLOPXMFEHFEBT UIF USVFWBMVFTFSWJOHBTBSFGFSFODFGPS UIF/*3DBMJCSBUJPOT
%FQFOEJOH PO UIF TPMVCJMJUZ PG UIF EPTBHF GPSN EJGGFSFOU TPMWFOUT XFSF EFGJOFE
%JGGFSJOH GSPN UIFPGGJDJBM SFHVMBUJPO






[ ] [ ][ ]POYROXPH.)
PJVDPSOHZHLJKWHGPOPJHTXLYDOHQWZDWHU =/ 
Equation C-5: Formula to calculate the water-reagent-equivalence. 












Equation C-6: Computation of the variance of two successive determination of the reagent’s 
factor. 
*OUIFFOEPGUIFFOUJSFUJUSBUJPOUIFEFQMPZFEGBDUPSXBTWFSJGJFECZUIFEFUFSNJOBUJPO




( )[ ] [ ] [ ]PJVDPSOHZHLJKWHG
HTXLYDOHQWZDWHUPOYROXPH.)PPZDWHU %100/% ⋅⋅= 
Equation C-7: The result of the terminal water determination should be as close as possible  









1SPEVDU" )ZESBOBM4PMWFOU _ 
1SPEVDU# .FUIBOPM _ 




Table C-5: Overview of the solvents used for the KF titration. For the methanol an HPLC 
grade should be preferred. 
¾ .FUIPEWBMJEBUJPO
/*34 NFUIPET UP CF VTFE GPS RVBOUJGJDBUJPO SFRVJSF DBMJCSBUJPO PG UIF /*3 TQFDUSBM







GSPN QBSBMMFM EFUFSNJOBUJPOT PG /*3" BOE ,' UJUSBUJPO 5IFTF BTTBZT SFWFBMFE BO
BCTPMVUF FSSPS PG ±   PG /*3" JO DPNQBSJTPO UP ,' 5IJT TUBUFNFOU XBT
BDLOPXMFEHFEXJUIBDPOGJEFODFJOUFSWBMCZVTFPGBOPGGJDJBMTUBUJTUJDBMWBMJEBUJPO
UPPM PG UIF 2$MBCPSBUPSJFT 5IJT BCTPMVUF JOBDDVSBDZ XBT DPOWFSUFE UP B SFMBUJWF





 5BSHFUCBOE<> .FBOWBMVF<> 3FMBUJWFEFWJBUJPO<>
1SPEVDU"   ±
1SPEVDU#   ±
1SPEVDU$   ±
1SPEVDU%   ±
Table C-6: The rounded relative deviations were adopted to assess the method comparison 
of NIRA to KF titration. 
$ #BTFMJOF4JUVBUJPO
1SPEVDU"
" WBMJEBUFE MBCPSBUPSZ/*3NFUIPE GPS EFUFSNJOBUJPOPG SFTJEVBMXBUFS DPOUFOUVTJOH
UIFMBCPSBUPSZTQFDUSPNFUFS'044/*34ZTUFNT3BQJE$POUFOU"OBMZ[FSBMSFBEZFYJTUFE
GPS1SPEVDU"NH&YBNJOBUJPOPGGSFTIMZ MZPQIJMJ[FETBNQMFTPGUIJTQSPEVDUEJSFDU
GSPN POHPJOH QSPEVDUJPO SFWFBMFE UIBU UIF XBUFS DPOUFOU NFBTVSFE CZ /*3" TMPXMZ
JODSFBTFEPWFSUIFDPVSTFPGUIFGJSTUXFFLT*OPSEFSUPRVBOUJGZUIJTQIFOPNFOPO
UFO
OFXMZ MZPQIJMJ[FE WJBMT XFSF UFTUFE TFWFSBM UJNFT PWFS GJWF NPOUIT XJUI UIF FYJTUJOH
MBCPSBUPSZ/*3TQFDUSPNFUFS"MMTBNQMFTQSPEVDFEDPNQBSBCMFNFBTVSFNFOUQSPGJMFT





UIFTBNFQSPEVDU5IFTVCTFRVFOU,' UJUSBUJPOPG UIFTBNQMFT 	JO UIJTDBTFVTJOH UIF
FOUJSF QSPEVDU DBLF
 QSPEVDFE WBMVFT TJNJMBS UP UIPTF PCUBJOFE BU UIF FOE PG UIF
FRVJMJCSBUJPO QIBTF SBUIFS UIBO PO UIF GJSTU EBZ BGUFS MZPQIJMJ[BUJPO 4JODF JOMJOF
BOBMZTJTJTDBSSJFEPVUPOGSFTIWJBMTKVTUVOMPBEFEGSPNUIFESZFS
UIJTPCTFSWBUJPOXBT
















































































Figure C-10: Moisture content time profile for the parallel determination of 10 samples of 





 UIF WJBMT DPVME CF SFHBSEFE BT IFSNFUJDBMMZ TFBMFE.BTT JODSFBTF PWFS
UJNFXBTEFUFSNJOFEHSBWJNFUSJDBMMZBOEBTUFBNQFSNFBCJMJUZ UFTUXBTDPOEVDUFE *O
CPUIDBTFT UIFHBTQFSNFBCJMJUZXBTXJUIJO UIF SBOHFPGBDDVSBDZPG UIFCFTU UFTUJOH
NFUIPET 5IJT WJSUVBMMZ SVMFT PVU BCTPSQUJPO PGXBUFS GSPN UIF FOWJSPONFOU
XIJDI JO
BOZ FWFOU XBT IJHIMZ JNQSPCBCMF
 HJWFO UIF IPNPHFOFPVT QSPGJMFT PCUBJOFE XJUI
TFWFSBMWJBMT
$1PMZNPSQIJTN
%VSJOH MZPQIJMJ[BUJPO BOE BMTP BGUFSXBSET















SFBSSBOHFNFOU PG UIF DSZTUBMMJOF TUSVDUVSF PG UIF QSPEVDUT XBT BMTP SVMFE PVU BT B
DBVTFGPSUIFDIBOHJOHNPJTUVSFWBMVFT

Figure C-11: X-ray spectrum of Product A 20 mg, one day after lyophilization. 







 UIF MZPQIJMJ[BUF DPVME BMTP CF BCTPSCJOH NPJTUVSF QJDLFE VQ CZ UIF
TUPQQFSEVSJOHTUFSJMJ[BUJPO  5IJTBTTVNQUJPO
IPXFWFS





"T EFTDSJCFE JO UIF TFDUJPO PO MZPQIJMJ[BUJPO
 TVCMJNBUJPO JO UIF MZPQIJMJ[FE QSPEVDU
DBLF EPFT OPU QSPDFFE JO B IPSJ[POUBM QMBOF GSPN UPQ UP CPUUPN
 CVU GSPN BMM TJEFT
UPXBSET UIFDFOUSF5IFSFGPSFCFGPSF UIFTUBSUPGTFDPOEBSZESZJOH UIF GJOBM USBDFTPG
JDFBSFBUUIFIFBSUPGUIFDBLF*UNBZUIFSFGPSFCFBTTVNFEUIBUFWFOBGUFSDPNQMFUJPO
PG UIF FOUJSF GSFF[FESZJOH QSPDFTT BNPJTUVSF HSBEJFOUNBZ FYJTU JO UIF MZPQIJMJ[BUF


































PG BMSFBEZ FRVJMJCSBUFE TBNQMFT












Figure C-14: Prediction results for the challenge set of an initial model based on 
equilibrated samples only. 
¾ .JYFE1-4NPEFMXJUIFRVJMJCSBUFEBOEGSFTITBNQMFT
*O PSEFS UP BEEJUJPOBMMZ JODMVEF UIFNPJTUVSF HSBEJFOUT PG GSFTI TBNQMFT JO UIF/*3"
DBMJCSBUJPO
 JOJUJBMMZ POMZ GSFTI PSJHJOBM TBNQMFTXFSF BEEFE UP UIF BSUJGJDJBMMZ ESJFE PS
IVNJEJGJFEPOFT
"DDPSEJOHUP'JHVSF$UIFDBMJCSBUJPOQBSBNFUFSTSFNBJOFEWJSUVBMMZVODIBOHFE#VU
JO UIF QSFEJDUFE WFSTVT NFBTVSFE QMPU PG UIF FYUFSOBM WBMJEBUJPO TFU 	'JHVSF $


3.4&1 BOE CJBT ESPQQFE DPOTJEFSBCMZ








Figure C-15: Model overview of a mixed calibration comprising equilibrated and fresh 
samples from the production line. 

Figure C-16: Predicted versus measured plot of the challenge set predicted by the mixed 





 BMM TBNQMFT XFSF SFQMBDFE XJUI GSFTI WJBMT 5IJT OBUVSBMMZ SFRVJSFE UIF
FOUJSFCBOEXJEUI
 JODMVEJOHCPUIXFUUFS BOEESJFS TBNQMFT UIBOVTVBM $POTFRVFOUMZ

TFWFSBMFYQFSJNFOUBM MZPQIJMJ[BUJPODZDMFTXFSF SVO5IFWJBMTXFSFTFBMFEBUEJGGFSFOU
UJNFTCFGPSF UIFFOEPG TFDPOEBSZESZJOH JOPSEFS UP SFUBJOIJHIFSNPJTUVSF DPOUFOU
0UIFSTBNQMFTXFSFESJFEGPSTJHOJGJDBOUMZMPOHFSBOEBMTPBUIJHIFSUFNQFSBUVSFTUIBO
OPSNBM *UXBT UIVT QPTTJCMF UP DPWFS BNPJTUVSF SBOHF PG  o "O BEEJUJPOBM
QSPCMFNXBTEVFUPUIFGBDUUIBUUIFMZPQIJMJ[BUJPODZDMFTJOSPVUJOFQSPEVDUJPOEJEOPU
BMXBZTFOEBUUIFTBNFUJNF5IFGSFF[FESJFSXBTUIVTVOMPBEFEBUEJGGFSFOUUJNFTBU

















Figure C-18: The model with only fresh samples from the research batches still gave poor 










*OBEFRVBUF WJBM TFBMJOH PS QPMZNPSQIJTN DPVME CF SVMFE PVU BT UIF DBVTF PG UIF
JODSFBTJOHQSFEJDUJPO SFTVMUT *OTUFBE





B SFQSPEVDJCMF QIFOPNFOPO UIBU PDDVSSFE JO B TJNJMBS NBOOFS JO TFWFSBM EJGGFSFOU
TBNQMFT
 JU TIPVME CF QPTTJCMF UP BMMPX GPS JU CZ VTJOH B DPSSFDUJPO GBDUPS CBTFE PO
TBNQMF BHF 8F UIFSFGPSF VMUJNBUFMZ EFDJEFE UP VTF POMZ FRVJMJCSBUFE TBNQMFT GPS
DBMJCSBUJPO QVSQPTFT BOE UP WBMJEBUF UIF NFUIPE CBTFE PO DPOEJUJPOT FODPVOUFSFE
$IBQUFS$&YQFSJNFOUBM1BSU

NPTU GSFRVFOUMZ JO QSPEVDUJPO "O BMUFSOBUJWF XPVME CF UP MPXFS UIF BDDFQUBODF
DSJUFSJPO PG   BDDPSEJOHMZ
 BOE UIVT QSFWFOU UIF SFMFBTF PG 004 WJBMT 5IBU DPVME
JODSFBTF UIF SFKFDUJPO SBUF
 CVU UIJT XPVME OPU CF TJHOJGJDBOU








































JOTUBMMBUJPO BOE PQFSBUJPOBM RVBMJGJDBUJPO 	*2  02
 QBDLBHF
 GPMMPX VQ USBJOJOH BOE
DPOTVMUBODZ DPNQSJTJOH DBMJCSBUJPO
 BGUFS TBMFT TFSWJDF BOE XBSSBOUZ 6TVBMMZ UIF
EFWJDFT BSF BVUPNBUJDBMMZ EFMJWFSFE XJUI TQFDJGJD BOE OPU FYDIBOHFBCMF TPGUXBSF









UIFNFBTVSJOH WFMPDJUZ PG  TBNQMFT QFSNJOVUF 5IVT
 MFTT UIBO NJMMJTFDPOET










FOUJSF NPWFNFOU PG UIF NJSSPS UP BDDPNQMJTI B TDBO BOE TVQQMFNFOUBSZ POMZ TUBSU
TDBOOJOHXIFO UIFNJSSPS JT JOB [FSPQPTJUJPO
 UXPPG UIFTFTQFDUSPNFUFSTXPVMECF
OFDFTTBSZ UPBDIJFWF UIF MJOFTQFSGPSNBODF *UXBT DPNQBSFEXJUIB#SJNSPTF"05'
-VNJOBS 'SFFTQBDF  	BCCS BT "05'



























































Table C-7: Instrument specifications according to their manuals. The S / N-ratio was 
determined by deploying an external Spectralon diffuse reflectance standard. 
5IFIJHIFS TFOTJUJWJUZPG UIF JOEJVNHBMMJVNBSTFOJEF 	*O(B"T
EFUFDUPST
 SFRVJSFE GPS
IJHI TQFFE NFBTVSFNFOUT BOE MPX MJHIU JOUFOTJUJFT





8IFSFBT EJTQFSTJWF JOTUSVNFOUT VTVBMMZ XPSL POXBWFMFOHUI VOJUT
 '5 TQFDUSPNFUFST
EFQMPZ XBWFOVNCFST 5IFTF NFBTVSJOH VOJUT BSF OPU MJOFBSMZ USBOTGFSBCMF TP UIBU
XBWFOVNCFSTBSFDPSSFTQPOEJOH UP UIF SFDJQSPDBM WBMVF JOOBOPNFUFST 5IJTEFOPUFT
UIBU
 JO DPNQBSJTPO UP UIF XBWFMFOHUI TDBMF
 SFTPMVUJPO BEKVTUFE JO XBWFOVNCFST
EFDSFBTFT JO UIFNPSF TJHOJGJDBOU BSFB PG UIF TQFDUSVN CVU JT WFSZ IJHI JO UIF BSFB





5IF GJSTU DPNQBSJTPO JTPSJFOUFEPO UIF&VSPQFBO1IBSNBDPQPFJBT SFDPNNFOEBUJPOT
UPTVSWFZ SFHVMBSMZ UIFQIPUPNFUSJDQFSGPSNBODFPG/*3 JOTUSVNFOUBUJPO5IF641





5IF TFDPOE BQQSPBDI JT CBTFE PO B QSBDUJDBM BQQMJDBUJPO BT UIF DIPJDF PG BO
JOTUSVNFOUTIPVMEOPUCFCBTFEPOBUIFPSFUJDBMDMBTTJGJDBUJPOGJHVSF5IVT
1-4NPEFMT
XFSF DPNQVUFE JO UXP EJGGFSFOU TFUUJOHT UP QSFEJDU UIF XBUFS DPOUFOU PG
1SPEVDU"NH
'JSTUMZ






















Figure C-19: The plots of the rare earth spectra each with three repetitions a) REF 
spectrometer (1,200 - 2,150 nm) in maximal resolution of 2 nm, b) AOTF maximal resolution 





PG UIF SFQFBUBCJMJUZ 	FYDFQU GPS GJMUFS BQQBSBUVT
 VTJOH TVJUBCMFXBWFMFOHUI TUBOEBSET
XJUI DIBSBDUFSJTUJD NBYJNB








"MXBZT UIF TBNF/*45 USBDFBCMF SBSF FBSUI EZTQSPTJVN PYJEFXBWFMFOHUI DBMJCSBUJPO
TUBOEBSE XBT EFQMPZFE 5ISFF NFBTVSFNFOUT XJUI UIF IJHIFTU BWBJMBCMF SFTPMVUJPO
XFSFQFSGPSNFEBOEBWFSBHFEGPSTVDDFTTJWFDBMDVMBUJPOT"WJTVBMDPNQBSJTPOPGUIF













FBSUI TUBOEBSE B DPVQMF PG UJNFT
 POMZ TJHOBM JOUFOTJUZ WBSJFE TMJHIUMZ 5IF BEKVTUBCMF




FOUJSFXBWFMFOHUI TDBMF PG UIFPUIFS UXP TQFDUSPNFUFSTXBT TIJGUFE UP VQQFS WBMVFT
5IF TUBOEBSE EFWJBUJPOT PG UIF NBYJNB PG UIF EFUFDUFE SBSF FBSUI TQFDUSB WBSZJOH
CFUXFFO  BOE 
 EJE OPU JOEJDBUF BOZ TFWFSF RVBMJUZ JTTVF BT UIF XBWFMFOHUI
JOUFSDFQUXBTUPPMPXBOEUIFTUBOEBSEXBTDFSUJGJFEXJUIBOBDDVSBDZPG±ONJO
UIF SBOHF PG  UP 





















%FWJBUJPO     










%FWJBUJPO     












%FWJBUJPO     
3FMBUJWF*OUFOTJUZ     















UIF NBYJNVN SFTQPOTF BSFB XBT EJGGJDVMU UP EFUFSNJOF BOE GVSUIFSNPSF UIF






SFTQPOTF SFQFBUBCJMJUZ 5ISFF TVDDFTTJWFNFBTVSFNFOUTXFSF DBSSJFE PVU BOE UIF 4%












Figure C-20: Photometric response repeatability of three sequenced measurements of a  
10 % reflective standard against the 99 % reflectance standard, a) REF (2 nm, 32 scans),  











'044 & & &
#SJNSPTF & & &
#PNFN & & &
Table C-9: Standard Deviation of response intensities. 
¾ 3FTVMUTBOEEJTDVTTJPO





SFQFBUBCJMJUZ EFDSFBTFT 5IF WBSJBUJPO PG UIF JOEJWJEVBMNFBTVSFNFOUT XBT MBSHF BOE





5IF QIPUPNFUSJD OPJTF JT EFUFSNJOFE CZ VTJOH B TVJUBCMF SFGMFDUBODF TUBOEBSE
 GPS
FYBNQMFXIJUFSFGMFDUJWFDFSBNJDUJMFTPSSFGMFDUJWFUIFSNPQMBTUJDSFTJOT5IFTUBOEBSET
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Table C-10: Comparison of the photometric noise. 
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IJHIFSOPJTFMFWFMTXIFSFBTUIFSFMBUJPOCFUXFFOUIFEJGGFSFOUTQFDUSPNFUFSTSFNBJOFE
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Figure C-21: Each plot with two noise spectra, successively scanned and then superposed: 
a) REF increased noise level at higher wavelengths, b) FT higher noise levels at short 
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
Figure C-22: The MS corrected band of spectra of the AOTF (above; 2 nm, 10 scans) and the 
REF (below; 2 nm, 32 scans). The higher spectroscopic resolution of the REF spectrometer 






Figure C-23: Exemplary the multiplicative scatter corrected array of the FT spectra acquired 
with a 16 cm-1 resolution and a single scan mode. The high resolution is overlaid by much 
noise, for FT instruments typically on the edges of the scale in particular. 
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Table C-11: The correlation coefficient and SECV out of FCV of the Unscrambler MSC 
models. Without respect to the source of the spectral data the Unscrambler computed an 
acceptable correlation with only two PCs. 
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Table C-12: The prediction results of the external validation set performed by the respective 
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Figure C-24: Scatter plot of the correlation versus SECV of the models with the entire 


























Figure C-25: Scatter plot of the correlation versus SECV of the models with the reduced 
spectral range from 1,814 - 2,036 nm. 
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Figure C-26: NIR spectra of ’good’ and ’bad’ samples. The distinction at the position of the 
water band (1,940 nm) is clear. The lower group of spectra corresponds to samples with 
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Equation C-8: Computation of yi. 
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Figure C-27: This histogram of the sample distribution illustrates the two distinct calibration 
sets. 
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Figure C-28: The residual validation variance plot shows that only one PC is required for 
this calibration. 

Figure C-29: The scores plot confirms the validation variance plot and shows the two 
separate groups as distinguished by the first principal component. 
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Table C-17: Assessment of validation work relating to quantitative or qualitative calibrations 
in practice. 
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Figure C-30: Simulation of an in-line total quality inspection of lyophilized vials by NIRS. 
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Figure C-31 : The averaged raw spectra of 8 scans taken with velocities between 100 and 
300 vials per minute. 
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Figure C-32: The average raw spectra of 5 scans taken with velocities between 100 to 300 
vials per minute. 

Figure C-33: With 8 scans per sample the lines were arranged in a clockwise manner. 
Already the spectra taken with velocities superior to 220 samples per minute were weighted 
differently in comparison to the other ones. 
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Figure C-34: The PCA computed with spectra based on 6 scans reduced the scores scale to 
about the half. The sample sets measured with more than 260 per minute still showed the 
separation effect like in the setting with 8 scans. 

Figure C-35: With 5 scans the scale dimension was reduced again. As all the lines were 
superposed the velocity influence seemed to have disappeared. The distinctive quality 
found was now the water variation within one velocity series. 
8IFOPOMZTDBOTQFSTQFDUSVNXFSFUBLFOUIFJOGMVFODFPGUIFWFMPDJUZBQQFBSFEUP





*G UIF TQFDUSB BDRVJTJUJPO XBT UJNF JOEFQFOEFOU









%JBNFUFS NN NN NN NN
.BYSPUBSZTQFFE
<WJBMTQFSNJOVUF>
   
.BYOVNCFSPG
TDBOTQFSBWFSBHF
   
Table C-18: Summary of the number of scans applied in the future with regard to the 
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"MM UIFTBNQMFT JOUIJTTFDUJPOXFSFNFBTVSFEVOEFS UIFTBNFDPOEJUJPOT"SFEVDFE
TQFDUSBM SBOHF GSPN 
 UP 
 ON XBT TDBOOFE  UJNFT BOE BWFSBHFE GPS POF







5IFDBMJCSBUJPO SBOHFTIPVMECFXJEFS UIBO UIFTQFDJGJFE SBOHF	NBY
BOEOPU










5IF TQFDUSB XFSF EFSJWFE XJUI B   
¡





5IF SFEVDUJPO PG UIF TQFDUSBM SBOHF UP 
 UP 
 ON JNQSPWFE UIF NPEFM



















Table C-19: Summary of the calibration of Product B. 
¾ "DDVSBDZCZNFUIPEDPNQBSJTPO
5IJT WBMJEBUJPO DSJUFSJPO EFGJOFT UIBU UIFNFBO WBMVFT PG UIFNFBTVSFNFOUT PCUBJOFE
XJUI CPUI UIF NFUIPE VOEFS WBMJEBUJPO BOE BO BMSFBEZ WBMJEBUFE SFGFSFODF NFUIPE
VTJOH UIF TBNF TBNQMFTNVTU CF FRVJWBMFOU &RVJWBMFODF JT QSPWFOXJUI B TUBUJTUJDBM
QSPCBCJMJUZPGPOFTJEFEDPOGJEFODFCBOE4UVEFOUTUUFTU5IFEJGGFSFODFCFUXFFO
UIF UXP NFBOT TIPVME CF XJUIJO UIF BDDFQUBODF MJNJUT "T FYQMBJOFE JO B QSFWJPVT
$7BMJEBUFERVBOUJUBUJWFNPEFM1SPEVDU#
 




5IF SFTVMUPG UIFPOFTJEFEQBJSFE UUFTUXBT JOGFSJPS UP UIFDPSSFTQPOEJOH MJNJU GPSB



















Table C-20: Statistical summary of the accuracy by method comparison assay. 
$7BMJEBUJPO
¾ &YUFSOBMMJOFBSJUZUFTU
5IF MJOFBSJUZ UFTUDPNQBSFTUIFSFTVMUTPG UXPNFUIPETCZQMPUUJOHUIFNBHBJOTUFBDI
PUIFS JO B TDBUUFS QMPU *G UIF QMPU GPSNT B TUSBJHIU MJOF SFMBUJPOTIJQ




JO UFSNTPG UIF DPFGGJDJFOU PG DPSSFMBUJPO 5IF 1-4 JT CZEFGJOJUJPOB MJOFBS DBMJCSBUJPO







UIF WBMJEBUJPOXBT OPU DPOTJEFSFE BT CFJOH CFOFGJDJBM "MUFSOBUJWFMZ
 UIJT QBUUFSOXBT
WFSJGJFEJOUIFWBMJEBUJPOTFUBTBOBEEJUJPOBMGFBUVSF
5IF DPODFOUSBUJPO SBOHF GPS FWBMVBUJPO PG MJOFBSJUZ TIPVME DPWFS UIF QSPTQFDUJWFMZ
FYQFDUFE DPODFOUSBUJPO MFWFM "DDPSEJOHMZ
 GPS UIJT WBMJEBUJPO TUFQ PG UIF NPEFM BO
JOEFQFOEFOU TFUXBTDPNQPTFEFNCSBDJOHFMFNFOUT JO UIF SBOHFPG   
XBUFS DPOUFOU 5IF TQFDUSB PG UIFTF TBNQMFT XFSF NBUIFNBUJDBMMZ QSFUSFBUFE JO UIF
TBNFXBZBTUIFDBMJCSBUJPOTFU

Figure C-37: KF measured versus NIR predicted water values of the external validation set. 
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BOE UIF UIJSE POF BU UIF BDDFQUBODF MJNJU 	_ 
 'PS UIF TFDPOE BTTBZ
 UIF
SFQFBUBCJMJUZPOTFWFSBMTBNQMFT













.FBO4% · ¸¹ <>
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  & 
  & 
  & 
Table C-22: Repeatability results of 10 measurements each performed on one sample of 










  & 
Table C-23: Precision by repeatability assay of 3 measurements of 10 different samples 
spread over the calibration range. 
*OBMM UIFDBTFT UIFBWFSBHF4% º »¼ XBTCFMPXBOE UIFSFCZDPSSFTQPOEFE UP UIF
BDDFQUBODF MJNJU"T JUTIPVMECFFYQFDUFE





5IF PCKFDUJWF PG SPCVTUOFTT UFTUJOH JT UP EFTJHO B NPEFM
 TP UIBU JUT QFSGPSNBODF







 UFNQFSBUVSF BOE NFBTVSJOH WFMPDJUZ DIBOHFT BOE EFWJBUJPOT JO UIF
TQFDUSPNFUFS QFSGPSNBODF %VSJOH UIF QFSJPE PG DBMJCSBUJPO




PG UIF JOUFSOBM TFOTPST
 DPOUSPMMJOHCFZPOEPUIFST UIFFODMPTVSF UFNQFSBUVSFBOE UIF
MBNQ JOUFOTJUZ 0OMZ JG UIF TQFDJGJFE DSJUFSJB XFSF NFU
 GVSUIFS EBUB BDRVJTJUJPO XBT
QFSGPSNFE 5IF CBUDI UP CBUDI WBSJBUJPO XBT BMSFBEZ DPWFSFE CZ UIF QSPDFEVSF PG
TBNQMF TFMFDUJPO GPS FJUIFS













'PS UIF MZPQIJMJ[BUFT JO RVFTUJPO UXP TDFOBSJPT XFSF QPTTJCMF *G UIF QSPEVDU XBT
VOMPBEFEJNNFEJBUFMZBGUFSUIFFOEPGTFDPOEBSZESZJOH
UIFTBNQMFTXPVMEIBWFUIF
QSPDFTT FOE UFNQFSBUVSF #VU EFQFOEJOH PO UIF EBZUJNF PG UIF FOEQPJOU PG UIF




 1SPEVDU" 1SPEVDU# 1SPEVDU$ 1SPEVDU%
4IFMGUFNQFSBUVSF
TFDPOEBSZESZJOH<$>    
4IFMGUFNQFSBUVSF
TUPSBHF<$>    




NBDIJOF BOE BGUFS CFJOH DBQQFE UIF DPOUBJOFST GPMMPXFE UIF DPOWFZFS CFMU GPS BOZ
GVSUIFS RVBMJUZ DPOUSPM )FSF
 JO GVUVSF UIF /*3 JOTQFDUJPO TIPVME CF JOUSPEVDFE
%FQFOEJOH PO UIF QSFDPOEJUJPOT UIF TBNQMFT UIFPSFUJDBMMZ DPVME BSSJWFXJUI EJGGFSFOU















UFNQFSBUVSFXBTEFUFSNJOFECZBDPOUBDUMFTT JOGSBSFE UIFSNPNFUFS 	-VUSPO5.

5IF BDDVSBUF UFNQFSBUVSF EFUFSNJOBUJPO BQQFBSFE UP CF EJGGJDVMU







Table C-25: Approximate re-warming time and the corresponding number of measurements. 
¾ 3FTVMUT
%VSJOH UIFNJOVUFT UIFTBNQMFTXFSFNFBTVSFE UJNFT5IFWBSJBUJPOPG UIF
DPSSFTQPOEJOH QSFEJDUJPO WBMVFT TIPXFE TMJHIUMZ IJHIFS SFTVMUT DPNQBSFE UP UIPTF
PCUBJOFE JO VTVBM SFQFBUBCJMJUZ UFTUT XJUI B DPOTUBOU SPUBUJPO WFMPDJUZ 	BWFSBHF 4%
&
 5IF MPX DPSSFMBUJPO DPFGGJDJFOU PG UIF SFHSFTTJPO MJOFT JO 'JHVSF $
JOEJDBUFE UIF OFHMJHJCMF SFMFWBODF PG UIF BQQBSFOU TMPQF TFFNJOHMZ EVF UP UIF
UFNQFSBUVSF
5P JEFOUJGZ B QPUFOUJBM ESJGU JO UIF EBUB EFQFOEJOH PO UIF UFNQFSBUVSF JODSFBTF
 BO





























Sample 1 Sample 2 Sample 3

Figure C-38: The water content of three representative samples was plotted against the 50 
measurements taken within 15 minutes. The lines may suggest a slight upward trend, but 
the low correlation indicated a very poor significance. 
46.."3:    
(SPVQT $PVOU 4VN "WFSBHF 7BSJBODF
.FBTVSFNFOU    
.FBTVSFNFOU    
.FBTVSFNFOU    
.FBTVSFNFOU    
.FBTVSFNFOU    
.FBTVSFNFOU    
.FBTVSFNFOU    
.FBTVSFNFOU    
.FBTVSFNFOU    
.FBTVSFNFOU    
    
"/07"SFTVMUT    
4PVSDFPG7BSJBUJPO 44 EG .4 ' 1WBMVF ' Á
· µ Â µ Á>Ã¹ 
#FUXFFO.FBTVSFNFOUT      
Table C-26: The ANOVA analysis results with a single variation factor performed for 10 of 
the 50 measurements of 10 samples. With SS = sum of squares, df = degrees of freedom, 
MS = mean sum of squares, F = test statistic, P-value = correlation coefficient, and  




"U MFBTU  NJOVUFT FMBQTFE GPS UIF IBOEMJOH PG UIF TBNQMFT GSPN UIF QSPEVDU
EJTDIBSHF JO UIF TUFSJMF SPPN UP UIF DPOWFZPS CFMU PVUTJEF 'VSUIFSNPSF
 UIF TBNQMFT





 JU DPVME CF TIPXO CZ UIF FYQFSJNFOUXJUI BO FSSPS QSPCBCJMJUZ PG  UIBU
UIFSFXBTOPSFMBUJPOCFUXFFOUIFTBNQMFUFNQFSBUVSFXJUIJOBOE$BOEUIF/*3
QSFEJDUJPOT PO UIF TJNVMBUPS 5FNQFSBUVSF WBSJBUJPOT XFSF FWFO MPXFS JO SFBMJUZ BOE
UIVTBDPOTJEFSBUJPOPGUIJTJNQBDUGBDUPSXBTOFHMJHJCMFGPSUIJTBQQMJDBUJPO
$.FBTVSJOHWFMPDJUZ
8JUIJO POF QSPEVDU UIF QSPEVDUJPO TUSFBN TQFFE DPVME WBSZ EFQFOEJOH PO UIF
GPMMPXJOH JOTQFDUJPOT PS EVF UP BOZ PUIFS UFDIOJDBM EFWJBUJPO 5IFO









UIFTF SFBTPOT  EJGGFSFOU WFMPDJUJFT
 
 
  BOE  WJBMT QFS NJOVUF XFSF
JOWFTUJHBUFE 5P HJWF SFQSFTFOUBUJWF SFTVMUT
 UIF TBNF  WJBMT BT JO UIF SFQFBUBCJMJUZ








 UIF TBNF NFUIPE BT JO UIF WBMJEBUJPO TFDUJPO PG UIF SFQFBUBCJMJUZ PO TFWFSBM














4% · ¸¹ XJUIJOTBNQMF<>
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  & 
Table C-27: All the 10 samples were measured at each of the 4 velocities from 100 to 300 
samples per minute and then predicted. The plotted SD is the average of the within sample 
SDs. 
¾ %JTDVTTJPO
"MUIPVHI UIF TBNF TBNQMFTBT JO UIF QSFDJTJPOCZ SFQFBUBCJMJUZ TFDUJPO 	5BCMF$

XFSFDPOTJEFSFEUIFQSFEJDUFENFBODPOUFOUBTXFMMBTUIF4%BOE4% º »¼ XFSFIJHIFS
JO UIF WFMPDJUZ USJBM 5IF IJHIFTU 4% BQQFBSFE XJUIJO UIFNFBTVSFNFOUT PO TBNQMFT
XJUIQSFEJDUFEXBUFSDPOUFOUTCFMPX
5IFNFBOPGUIF4% º »¼ XBTBOEUIFSFCZTUJMMGVMGJMMFEUIFBDDFQUBODFMJNJUPG
/FWFSUIFMFTTUIFZXFSFOPUFRVJWBMFOUUPUIFSFBEJOHTPGUIFQSFWJPVTSFQFBUBCJMJUZ
UFTUXJUIBDPOTUBOU TQFFE.PTUMZ
 JUXBT UIFNFBTVSFNFOUXJUI UIFIJHIFTU WFMPDJUZ
	NJO
 UIBU SFTVMUFE JO UIFIJHIFTU4% *GPOMZ UIFTFWBMVFTXFSF MFGUPVU
 UIF4%
XPVME SFEVDF UP & BOE UIF 4% º »¼  UP 
 TVGGJDJFOU UP DPNQMZXJUIB UUFTU









4% · ¸¹ XJUIJOTBNQMF<>

  & 
Table C-28: Table equivalent to Table C-27 without the highest measurement velocity of 300 

















Table C-29: The results of the repeatability test at a constant rotational speed with 270 / min 
were assessed with those of the velocity trial. The corresponding SDs were compared by a 
Student’s t-test with 95 % confidence interval, and the means with an acceptance limit for 




JO UIF 1-4 WBMJEBUJPO UPPMT 'VSUIFSNPSF
 HFOFSBMMZ SFDPHOJ[FE TUBUJTUJDNFUIPETXFSF
BQQMJFEUPWFSJGZUIFJOUFHSJUZPGUIFDBMJCSBUJPO'JSTUPGBMM
UIFBDDVSBDZXBTTIPXOCZ








*U UVSOFE PVU UIBU MPX NPJTUVSF DPOUFOUT MFE UP IJHI SFMBUJWF EFWJBUJPOT
 QPUFOUJBMMZ








 UIF RVBOUJUBUJWF NPEFM 1SPEVDU # XBT GBTU BOE SPCVTU
 CVU SFRVJSFE
FOPSNPVTFGGPSUT JOCPUI DBMJCSBUJPOBOE WBMJEBUJPOXPSLPWFS B MPOH UJNF TDBMF 5IJT
JOWFTUNFOU EJE OPU TFFN UP CF KVTUJGJFE JO FWFSZ BQQMJDBUJPO BSFB





























PG  ON #FUXFFO UIFNFBTVSFNFOUT UIF TBNQMFTXFSF SPUBUFE
 TP UIBU  TQFDUSB




 B TFU DPNQSJTFE  TBNQMFT XJUI XBUFS DPOUFOUT CFUXFFO  UP
BDDPSEJOHUP,'UJUSBUJPO%VSJOHUIFFWBMVBUJPOQIBTFFJHIUPVUMJFSTBQQFBSJOHJO
UIF DBMJCSBUJPO TFU XFSF FYDMVEFE
 TP UIBU  TQFDUSB SFNBJOFE 5IF SFTVMUT PG UIF
SFGFSFODFBOBMZTJTBSFHJWFOJOUIFBQQFOEJY





Figure C-40: Histogram of the validation set. 
"TRVBOUJGJDBUJPOTIPVMEBMXBZTJODMVEFBRVBMJGJDBUJPOPGUIFTVJUBCJMJUZPGUIFTBNQMF
UP CF RVBOUJGJFE
 QSJPS UP BOZ XBUFS EFUFSNJOBUJPO CZ B 1-4 NPEFM B TBNQMF
JEFOUJGJDBUJPO CZ B 1$" IBE UP CF QFSGPSNFE #PUI PG UIFN XPVME SFRVJSF B












































 CZ  UJNFT UIF 4&1XPVME DPSSFTQPOE UP B  DPOGJEFODF JOUFSWBM 5IVT
 UIF
BDDFQUBODFMJNJUXBTSFEVDFEUP'SFRVFOUUJUSBUJPOTPGPSJHJOBM1SPEVDU$NH
TBNQMFT EFNPOTUSBUFE UZQJDBM XBUFS DPOUFOU CFMPX   "DUVBMMZ
 POMZ GFX VOVTVBM
WJBMTXFSFFYQFDUFEBUIJHIFS WBMVFT
CFJOHPGQBSUJDVMBS JOUFSFTU UP MFBSONPSFBCPVU
UIFQSPEVDU
5IF UBSHFU PG B GVUVSF JOMJOF DPOUSPM XBT QSJNBSJMZ UIF EFUFDUJPO PG TBNQMFT XJUI




HMBTT CSFBLBHF XBT EFUFDUFE CFDBVTF PG BO JODSFBTFE XBUFS DPOUFOU PG UIF
IZHSPTDPQJD MZPQIJMJ[FE DBLF 6TVBMMZ







%VSJOH UIF BUMJOF JOTQFDUJPO BMUPHFUIFS 
 TBNQMFT XFSF NFBTVSFE CZ /*3
  	FRVJWBMFOU UP 
 TBNQMFT
 PG UIF BOBMZ[FE WJBMT XFSF EFUFDUFE BT
1SPEVDU $  NH XJUIJO UIF BDDFQUBODF MJNJUT
 XIJDI XBT B QSPPG GPS B SPCVTU
MZPQIJMJ[BUJPODZDMF
PG UIF 
 QSFEJDUFEXBUFS DPOUFOUTXFSF WBMVFTCFUXFFO BOE 

BOE UIF PWFSBMM BWFSBHF XBT   5IF UIFSFCZ JODMVEFE  SFKFDUT XFSF WJTVBMMZ
HSPVQFEJOUPNFMUCBDLTBOEHMBTTCSFBLBHF
UIFSFTUXBTDIFDLFECZUIFQSPGFTTJPOBM
WJTVBM JOTQFDUPST GPS BOZ EJTUJODUJWF GFBUVSF "T UIFSF XBT OPUIJOH PCKFDUFE
 JU XBT















• (PPEWJTVBMBQQFBSBODF  
• .FMUCBDL  
• #SFBLBHFPGHMBTT  
"WFSBHFQSFEJDUFEXBUFSDPOUFOU





• .FMUCBDL  
• #SFBLBHFPGHMBTT  
• $SZTUBMMJ[FECPUUPN  
1ZSPMZ[FE  
Table C-32: Summary of all the outliers being detected during the inspection. 
 /*3"QSFEJDUFE<> ,'UJUSBUFE<> %FWJBUJPO
3FKFDUFEHPPEWJTVBMBQQFBSBODF
3FKFDU   
3FKFDU   
3FKFDU   
3FKFDU   
3FKFDU   
3FKFDU   
3FKFDU   
3FKFDU   
3FKFDU   
3FKFDU   
0VUMJFSTXJUIDSZTUBMMJ[FECPUUPN
0VUMJFS   
0VUMJFS   
0VUMJFS   
Table C-33: Results of the KF titration of the rejected and crystallized vials. 
5IF TBNQMFT CFJOH QSFEJDUFEXJUI IJHIFSXBUFS DPOUFOU UIBO  BOE UIF PVUMJFST
XJUIBDSZTUBMMJ[FECPUUPNXFSF,'UJUSBUFEUPWFSJGZUIF/*3"SFTVMU
"DDPSEJOH UP UIF ,' UJUSBUJPO UIF XBUFS DPOUFOU PG UIF SFKFDUFE TBNQMFT XBT
FYDFQUJPOBMMZIJHI"MNPTU JOWBSJBCMZ
 UIFSFGFSFODFNFUIPEZJFMEFE MPXFSSFTVMUT UIBO
UIF/*3"
 JOPOFDBTFFWFOCFMPX UIFBDDFQUBODF MJNJU$POTJEFSJOH UIFBDDVSBDZPG
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Equation D-1: Computation of the NPV, with the interest i, the net cash-flow G0 of the year 1 and 
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Equation D-2: The computation only leads to unique results if the cash-flow leads to exactly 
one change of a leading sign. Most likely this is the case. 
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QBZCBDLDBMDVMBUFTUIFUJNFSFRVJSFEVOUJMUIFJOWFTUFEDBQJUBMJTCBMBODFECZOFUSFDFJQUT
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Table D-1: Composition of the estimated capital expenditure costs for the in-line project. The 
sum of expenditure is given in money equivalents (ME). 
%#FOFGJUBDDPVOUJOH
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Figure D-1: Illustration of the different categories of cost of quality. 
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Table D-3: Readjusted benefit accounting based on the volume forecast March, 2003. All the 
monetary values are given in money equivalents (ME). 
¾ 1SPEVDU$NH
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WJBMTQSJPSUPUIFWJTVBMDPOUSPM)FSF004WJBMTXJUI
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Table D-4: Results of the business accounting regarding NPV, IRR, and the payback period. 
5IF SFTVMU PG UIF/17XBTQPTJUJWF
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FGGPSUT 1SJPS UP BOZ DPNNJUNFOU B TFSJPVT BTTFTTNFOU BCPVU UIF VTFGVMOFTT TIPVME CF
QFSGPSNFE 5IF JNQMFNFOUBUJPO PG TVDI B NPEFM XPVME POMZ CF CFOFGJDJBM JG B MBSHF
OVNCFSPGTBNQMFTXBTBOBMZ[FEBGUFSXBSET
& %ZOBNJDRVBOUJUBUJWFNPEFM1SPEVDU$NH
" DPNQMFUF 1SPEVDU $  NH CBUDI JOTQFDUJPO XBT JOWFTUJHBUFE BUMJOF JO PSEFS UP




5IF OBSSPX EJTUSJCVUJPO PG UIF XBUFS DPOUFOU 	   
 PG UIF NBKPSJUZ PG UIF WJBMT
BQQSPWFE UIF QSPDFTT DPOUSPM 5IF SFQSFTFOUBUJPO PG UIF RVBOUJUBUJWF SFTVMUT EJE OPU
QSPWJEF BOZ BEEJUJWF JOGPSNBUJPO BOE UIVT






FYUFSOBMBOE JOUFSOBMDPTUPGRVBMJUZBTXFMMBTUIFDPTUPG UFTUJOH'PS UIFDBMDVMBUJPOPG
UIF JOWFTUNFOU BNPSUJ[BUJPO

















QIBSNBDFVUJDBM JOEVTUSZ DPVME NPWF POF TUFQ DMPTFS UP k[FSPEFGFDUk RVBMJUZ DPOUSPM

NBLJOH UIF DPTUT BTTPDJBUFEXJUI UIFNFUIPET EFWFMPQNFOUXFMM TQFOU #VU










 B RVBMJUBUJWF QSFEJDUJPO BTTJHONFOU XPVME CF MBSHFMZ TVGGJDJFOU 5IJT DPVME BWPJE
JNQPSUBOU DBMJCSBUJPO BOE WBMJEBUJPO XPSL BT XFMM BT UIF QSPCMFN PG FYUFOEFE EBUB
IBOEMJOH BDDVNVMBUFE PWFS MPOH UFSN 5IF DIBMMFOHF PG DBMJCSBUJPO USBOTGFST DPVME CF
SFEVDFE
¾ )PXUPDBMJCSBUFOFXQSPEVDUT 













#Z OBUVSF UIFSF XJMM BMXBZT CF B DPNQSPNJTF CFUXFFO TQFFE BOE BDDVSBDZ 5IF





UIFEFHSFFPG GSFFEPN GPS UIFDBMJCSBUJPO#VU UIFNPEFMTTIPXFECFUUFSQFSGPSNBODFJG
$IBQUFS&0WFSBMMDPODMVTJPOT

UIF TQFDUSB XFSF USVODBUFE UP 
 UP 
 ON PS B FWFO NPSF OBSSPX SBOHF "
SFEVDUJPOPGUIFXBWFMFOHUITXPVMEEFDSFBTFUIFSFRVJSFETDBOUJNF"DDPSEJOHMZ
FJUIFS
NPSF TDBOT DPVME CF QFSGPSNFE UP JODSFBTF BDDVSBDZ BOE SFQFBUBCJMJUZ PS UIF
NFBTVSFNFOU DPVME CF BDDFMFSBUFE 8JUI FMFDUSPOJD NPEJGJDBUJPOT UIF NBYJNBM SPUBSZ
TQFFEPGUIFTJNVMBUPSDPVMECFJODSFBTFEUPBCPVUTBNQMFTQFSNJOVUF
¾ 8IBUEPFTUSBOTGFSBCJMJUZTJHOJGZBOEIPXDPVMEJUCFBDIJFWFE 
*O UIJT DPOUFYU USBOTGFSBCJMJUZ EFOPUFT UIF VTF PG BO /*3 NPEFM PO BOPUIFS EFWJDF PS
EJGGFSFOUDPOEJUJPOTUIBOJUXBTEFTJHOFE5IJTQSPDFEVSFXJMMCFSFRVJSFEFHJODBTFPGB
CSFBLEPXOPGFRVJQNFOUPSXIFOUIFTBNFBOBMZTJTJTTVQQPTFEUPCFBQQMJFEBUNVMUJQMF
MPDBUJPOT 5IF UFSN USBOTGFSBCJMJUZ DBO SFGFS UP EJGGFSFOU/*3 TQFDUSPNFUFST PG UIF TBNF
NPEFMTFSJFT





UIF FBTJFTU JT UIFVTF PG DPSSFDUJPO GBDUPST JOPSEFS UPBEBQU BO BMSFBEZDPNQVUFE UPB
GVSUIFSTQFDUSPNFUFS5IFTFDPOEPQUJPO JT UPHFOFSBUFNJYFENPEFMTXJUITQFDUSB GSPN
EJGGFSFOU BQQBSBUVT PS NFBTVSFNFOU DPOEJUJPOT "U MFBTU XJUI UJNF UIF QFSJPEJD NPEFM









EZOBNJD QSPDFTT TJNVMBUJPO 1SPTQFDUJWFMZ
 UIF TBNF BOBMZTJT XJMM CF FYQMPSFE PO BO
JOEVTUSJBM QMBOU "DDPSEJOH UP UIF WBMJEBUFE RVBOUJUBUJWF NPEFM 1SPEVDU # UIFSF JT OP
JNQBDU PG UIF TVSSPVOEJOH XPSL DPOEJUJPOT FYQFDUFE #VU
 FTQFDJBMMZ UIF FRVBMJUZ PG
BOBMZTJTCFUXFFOUIFTJNVMBUPSBOEBGVUVSFJOMJOFQMBOUTUJMMSFNBJOTUPCFQSPWFO
¾ 8IBUBSFUIFDSJUJDBMGBDUPSTPGUIFJOMJOF1"5QSPKFDU 
/*3 JT B DPNQMFY BOBMZTJT UFDIOJRVF BTTVNJOH BU MFBTU CBTJD LOPXMFEHF JO WBSJPVT
EPNBJOT
 TVDI BT DIFNJTUSZ BOE NBUIFNBUJDT (PPE TLJMMT JO HFOFSBM TQFDUSPTDPQZ

TQFDJGJD TUBUJTUJDT
 BOE DIFNPNFUSJDT BSF OFDFTTBSZ 'PS UIF JOMJOF BQQMJDBUJPO UIF




FYUFOE PG USBJOJOH GPS EFWFMPQNFOU BOE NBJOUFOBODF QFSTPOOFM JT JNQPSUBOU 'JSTU UIF




















DBO POMZ CF QSPGJUBCMF JG B HSFBU BNPVOU PG BOBMZTFT XJMM CF QFSGPSNFE BGUFSXBSET
8IFOFWFS UIF TBNQMF JT NPEJGJFE JO UFSNT PG DIFNJDBM PS QIZTJDBM QBUUFSO
 FH UIF
GPSNVMBUJPO PS UIF QBDLBHJOH PG UIF QSPEVDU
























Equation F-1: Computation of the absorbance, with I = intensity of radiation passing through or 
reflected from the sample, I0 = intensity of the incident light energy from the source, and T and 
r = transmittance and reflectance, respectively. 
5IF JOUFOTJUZ JODMVEFT MPTTFTEVF UP TPMWFOU BCTPSQUJPO
 SFGSBDUJPO
 BOE TDBUUFSJOHXIFO
UIF TBNQMF JT OPU QSFTFOU *O SFGMFDUBODF NFBTVSFNFOUT
 JU JT UIF JOUFOTJUZ PG SBEJBUJPO
JOEJSFDUMZSFGMFDUFEGSPNUIFCBDLHSPVOESFGFSFODFNBUFSJBM
¾ "DDVSBDZ
5IFBDDVSBDZPGBNFBTVSFNFOUNFUIPE JT JUT GBJUIGVMOFTT





5IF UFSNDPMMJOFBSJUZNFBOT UIF MJOFBS SFMBUJPOTIJQCFUXFFOWBSJBCMFT5XPWBSJBCMFTBSF
DPMMJOFBS JG UIF WBMVF PG POF WBSJBCMF DBO CF DPNQVUFE GSPN UIF PUIFS
 VTJOH B MJOFBS
SFMBUJPO5ISFFPSNPSFWBSJBCMFTBSFDPMMJOFBSJGPOFPGUIFNDBOCFFYQSFTTFEBTBMJOFBS
GVODUJPO PG UIF PUIFST 7BSJBCMFT XIJDI BSF OPU DPMMJOFBS BSF TBJE UP CF MJOFBSMZ














-PBEJOHT BSF FTUJNBUFE JO CJMJOFBS NPEFMJOH NFUIPET XIFSF JOGPSNBUJPO DBSSJFE CZ
TFWFSBM WBSJBCMFT JT DPODFOUSBUFE POUP B GFX DPNQPOFOUT &BDI WBSJBCMF IBT B MPBEJOH






.VMUJWBSJBUF UFDIOJRVFT BSF PGUFO CBTFE PO UIF NFBTVSFNFOUT PG EJTUBODFT CFUXFFO
PCKFDUT0OFPG UIFNPTUDPNNPOMZVTFEEJTUBODFNFBTVSF JT UIF.BIBMBOPCJTEJTUBODF
DBMDVMBUFEJOUIFPSJHJOBMWBSJBCMFPSJOUIFQSJODJQBMDPNQPOFOUTQBDF
¾ .PEFM
.BUIFNBUJDBM FRVBUJPO TVNNBSJ[JOH WBSJBUJPOT JO B EBUB TFU .PEFMT BSF CVJMU UP
VOEFSTUBOE UIF TUSVDUVSF PG B EBUB UBCMF CFUUFS UIBO CZ MPPLJOH BU BMM SBX EBUB WBMVFT
4UBUJTUJDBM NPEFMT DPOTJTU PG B TUSVDUVSFE QBSU BOE BO FSSPS QBSU 5IF TUSVDUVSF QBSU
	JOGPSNBUJPO
 JT JOUFOEFE UP CF VTFE GPS JOUFSQSFUBUJPO PS QSFEJDUJPO












%BUB 3FTPMVUJPO JT UIF TQBDJOH
 JO ON PS DN /
0

 CFUXFFO UIF EBUB QPJOUT DPMMFDUFE JO B
TQFDUSVN
4QFDUSBM 3FTPMVUJPO
 BMTP DBMMFE JOTUSVNFOU CBOEXJEUI
 JT B NFBTVSF PG UIF BCJMJUZ PG B
































Equation F-2: Computation of the transmittance T, with I = intensity of the radiation transmitted 
through the sample; I0 = intensity of the radiant energy incident on the sample including losses 





#JBT JT UIFBWFSBHFWBMVFPG SFTJEVBMTDBMDVMBUFE GSPNDPOTUJUVFOUWBMVFTPGBQSFEJDUJPO
TFU"CJBTWBMVFDMPTFUP[FSP	
JOEJDBUFTUIBUUIFEFWJBUJPOTBSFEJTUSJCVUFESBOEPNMZ"
CJBT WBMVF 	FJUIFS QPTJUJWF PS OFHBUJWF




PS UIF TZTUFN CFJOH BOBMZ[FE
















Equation F-3: Computation of the bias, with yi = predicted constituent value, 3\ˆ = true 




DPOTUJUVFOU WBMVFT 5IJT TUBUJTUJDBM RVBOUJUZ
 BMTP DBMMFE DPFGGJDJFOU PG NVMUJQMF
EFUFSNJOBUJPO
 JT FRVBM UP [FSPXIFOTQFDUSBM SFTQPOTF JTVOSFMBUFE UP DPOTUJUVFOU EBUB
	SFMBUJPOTIJQJTTUBUJTUJDBMMZSBOEPN
"WBMVFPGPOFTJHOJGJFTUIBUUIFDPOTUJUVFOUWBMVFTGJU
TQFDUSBM EBUB QFSGFDUMZ BOE BMM SFTJEVBMT BSF FRVBM UP [FSP 'PSNBMMZ UIF DPSSFMBUJPO
JOEJDBUFT UIF GSBDUJPO PG UPUBM WBSJBODF JO UIF EBUB TFU NPEFMFE CZ UIF FRVBUJPO 5IF
DPSSFMBUJPO DPFGGJDJFOU JT B EJNFOTJPOMFTT DIBSBDUFSJTUJD PG UIF TUSFOHUI PG UIF MJOFBS
SFMBUJPOTIJQCFUXFFOUXPWBSJBCMFTYBOEZ
( )( )























Equation F-4: General formula of the computation of the correlation coefficient (r) between two 












SFMBUJWF SFBEJOHT &BDI TVCHSPVQ DPOUBJOT GPS FYBNQMF SFQFBUFENFBTVSFNFOUTPO POMZ
POFTBNQMF'PSWBMJEBUJPO
BUB UJNFBOFOUJSFTFHNFOU JTLFQUPVUPG UIFDBMJCSBUJPO"
GJOBMDBMJCSBUJPOJTUIFOQFSGPSNFEXJUIBMMTBNQMFT
¾ )ZQPHFPNFUSJDEJTUSJCVUJPO







TVDDFTT PS B GBJMVSF
























Equation F-5: Formula of the hypogemoetric distribution, with x = number of success in the 











































Equation F-7: Calculation of the RMSEP, with i = true constituent value,  












#FDBVTF CJMJOFBS QSPKFDUJPO NPEFMJOH NBLFT OP BTTVNQUJPOT BCPVU UIF TUBUJTUJDBM
EJTUSJCVUJPO PG FSSPST
 XF DBOOPU HJWF UIF QSFEJDUJPO FSSPS BT QSPQFS TUBUJTUJDBM JOUFSWBM
FTUJNBUFT 	TVDI BT UXJDF UIF TUBOEBSE EFWJBUJPO FUD

































Equation F-8: Computation of the Standard Deviation (SD), with [  = mean of the population,  
[i = value of a specific sample i, and N = size of the population. 
5IF 4% ; <)=  JT SFMBUFE UP UIF NFBO WBMVF [  BOE JT DPNQVUFE BDDPSEJOH UP
&RVBUJPO'
[ ] [
6'6' @ AfiB %100% ⋅=

Equation F-9: Computation of the SDrel. 
*G UIF USVF WBMVFT BSF LOPXO PS UIF TBNF TBNQMFT BSF UFTUFE UXJDF
 OPU UIF TBNQMF
EJTQFSTJPO GSPN UIF PWFSBMMNFBO JT PG JOUFSFTU





















D G HfiI 
Equation F-10: Paired computation of the Standard Deviation ( JKML N O P6' ), with Q[ˆ  = true value of 






TBNQMFT OPUVTFE JO UIFDBMJCSBUJPO
 JF B WBMJEBUJPO TBNQMF TFU *G 'VMM$SPTT7BMJEBUJPO
	'$7
























Equation F-11: The generally accepted formula for the computation of the SEP, with i = true 
constituent value, \ T  = predicted constituent value; and N = population size. 
*O DBTF PG B OPSNBM EJTUSJCVUJPO PG UIF TBNQMFT JODMVEFE JO UIF DBMDVMBUJPO PG UIF CJBT

PGUIFNXJMMIBWF  6(3\\ UU ⋅≤− 2ˆ 
PGUIFNXJMMIBWF  6(3\\ UU ⋅≥− 2ˆ 
5IFSFGPSFUJNFT4&1NBZCFDPOTJEFSFEBTBDPOGJEFODFJOUFSWBM5IJTBMTPNFBOT





222 %LDV6(3506(3 +≈ 
































Equation F-13: Computation of the SEP according to the Unscrambler, with i = true constituent 




























Equation F-14: Computation of the SEP according to Vision 2.51, with i = true constituent 
value, \i = predicted constituent value, N = population size; corrected by K = number of 
Principal Components (PC) for the respective calibration. 
*OUIFQSFTFOUXPSLVTVBMMZMBSHFTBNQMFTFUTXFSFVTFEUPDPNQVUFDBMJCSBUJPOTXJUIMPX
OVNCFSTPG1$T

















Equation F-15: The formula returns the probability t associated with a paired Student’s t-test, 
with N = size of the population, and SD2paired x = squared paired SD of the corresponding 
underlying population. 
22 −⋅= 1I 
Equation F-16: Computation of f = degrees of freedom. 
*G UIF DBMDVMBUFE WBMVF U JT JOGFSJPS UP UIF DPSSFTQPOEJOH UBCVMBUFE WBMVF SFTQFDUJOH UIF
EFHSFFT PG GSFFEPN







Figure F-1: TGA Product A 40 mg. 





Figure F-3: TGA Product C 150 mg. 
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Table F-3: The spectra of all samples marked with an x were recorded three times. Between the 
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Table F-4: The spectra of all samples marked with an x were recorded three times. Between the 





4BNQMFOBNF ,'<> 4BNQMFOBNF ,'<>
15)B  15)E 
15)B  15)E 
15)B  15)E 
15)B  15)E 
15)B  15)E 
15)B  15)E 
15)B  15)E 
15)B  15)E 
15)B  15)E 
15)B  15)E 
15)D  15)E 
15)D  15)E 
15)D  15)E 
15)D  15)E 
15)D  15)E 
15)D  15)E 
15)D  15)E 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)B  15)F 
15)B  15)F 
15)B  15)F 
15)B  15)F 
15)B  15)F 
15)E  15)F 
15)E  15)F 





4BNQMFOBNF ,'<> 4BNQMFOBNF ,'<>
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)D  15)F 
15)B   
15)B   
15)B   
15)B   





4BNQMFOBNF ,'<> 4BNQMFOBNF ,'<>
15)D  15)B 
15)D  15)B 
15)D  15)B 
15)D  15)B 
15)D  15)B 
15)D  15)B 
15)D  15)B 
15)F  15)B 
15)F  15)B 
15)F  15)B 
15)F   
15)F   
15)F   
15)F   
15)F   
15)F   
15)F   
15)F   
15)F   







'PS UIFWJBMEJBNFUFSPGNNWFMPDJUJFTVQ UPTBNQMFTQFSNJOVUFXFSF GFBTJCMF
BOEXFSFBOBMZ[FE

Figure F-5: Diameter 22.0 mm, 60 – 150 samples per minute, 8 scans. 
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Figure F-7: Diameter 22.0 mm, 60 – 150 samples per minute, 6 scans. 






'PS UIFWJBMEJBNFUFSPGNNWFMPDJUJFTVQ UPTBNQMFTQFSNJOVUFXFSF GFBTJCMF
BOEXFSFBOBMZ[FE

Figure F-9: Diameter 26.5 mm, 60 – 150 samples per minute, 10 scans 
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Figure F-11: Diameter 26.5 mm, 60 – 150 samples per minute, 8 scans. 









Figure F-1: Diameter 42.5 mm, 26 – 70 samples per minute, 16 scans. 





Figure F-3: Diameter 42.5 mm, 26 – 70 samples per minute, 12 scans. 
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Table F-5: Repeatability results of 10 measurements performed on one sample with a typical 
moisture content. 
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Table F-8: Precision by repeatability assay of 3 measurements of 10 different samples spread 
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Table F-9: All the 10 samples were measured at each of the 4 velocities and then predicted. The 
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Table F-10: Table equivalent to Table C-27 without the highest measurement velocity of 300 
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Equation F-18: Conversion table of wavelengths to wavenumbers. 
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